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(54) Liquid crystal alignment film 

(57) The surface shape of an alignment film 1 16 for a liquid crystal device is formed by pressing or stamping 
with a die 110. The surface shape thus produced takes the form of an irregular pattern with the pitch of the 
irregularities in one direction being different from the pitch of the irregularities in another direction. Such an 
arrangement results in a plurality of alignment domains differing in pre-tilt angle. The die is produced by two 
stamping processes imposing two different patterns of irregularities on the die. The die comprises in order a 
press base body of rigid material, an elastic member and a sheet like die member. 
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LIQUID CRYSTAL ELEMENT AND ITS MANUFACTURE/ FORMATION OF 
ALIGNMENT FILM FOR LIQUID CRYSTAL ELEMENT, STAMPING DIE FOR 
FORMING ALIGNMENT FILM AND ITS MANUFACTURE, AND APPARATUS 
FOR STAMPING IRREGULAR PATTERN ON ALIGNMENT FILM 



The present invention relates to a technique of forming 
a liquid crystal element exhibiting a wide visual field 
angle , and particularly to a liquid crystal element having an 
alignment film capable of realizing a wide visual field 
angle and its manufacture, and a stamping die for forming an 
alignment film for a liquid crystal element and its 
manufacture . 

The present invention further relates to an irregular 
pattern stamping apparatus suitably used for forming the 
above-described alignment film on a liquid crystal 
substrate. 

A liquid crystal element of a thin film transistor 
drive type has been extensively known as a high quality image 
thin type display capable of obtaining a high response speed 
and full color display. The liquid crystal element of this 
type, however , has a problem that a visual field angle is 
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Conventionally , in the liquid crystal element of this 
type, there has been known a technique of dividing 
alignments of liquid crystal molecules for each pixel for 
widening a visual field angle. Specifically, according to 
the above-described technique, each dot of R, G and B 
constituting a pixel has domains different from each other in 
the rising alignment of liquid crystal molecules when a 
voltage is applied. In such an alignment division 
structure, ' generally, each dot is divided into two parts, and 
the divided parts are subjected to different alignment 
treatments . 

This alignment division technique is effective to 
soften a rapid and asymmetric change in contrast in the 
vertical direction which has been regarded as a problem in 
the liquid crystal element of a thin film transistor drive 
type* and to enlarge a domain in which the reversal of an 

m 

intermediate tone is not generated. Consequently, this 
technique has a possibility of providing a liquid crystal 
element having a wide visual field angle. 

One example of a prior art method of manuf acturing a 
liquid crystal element having an alignment division 
s tonic ture will be described below. 

As shown in Fig. 13A, an alignment film preliminary 
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layer 2 is formed on the upper surface of a substrate 1, 
as shown in Fig. 13B, the alignment film preliminary layer 
2 is subjected to a first rubbing treatment. 

The rubbing treatment is carried out by a method 
wherein the upper surface of the alignment film preliminary 
layer 2 is rubbed with a roller 6 having a rubbing cloth 
attached around the outer peripheral portion thereof. 

Next, as shown in Fig. 13C, a photoresist 3 is applied 
on the upper surface of the alignment film preliminary 
layer 2 thus rubbed, and a resist pattern is developed as 
shown in Fig. 13D. As shown in Fig. 13E, the second rubbing 
treatment is carried out on the alignment film preliminary 
layer 2 formed with the resist 3 in the direction reversed 
the first rubbing treatment. After that, the resist 3 is 
removed, to thus obtain the substrate 1 formed with an 
alignment film 5 shown in Fig. 13F. 

Fig. 13G shows one construction example of a liquid 
crystal element using the alignment . film 5 having the above 
structure. In this structure, liquid crystal molecules 7 
sealed between a substrate 1 formed with an alignment 
5 on the color filter side and a substrate 1' formed with an 
alignment film 5' on the transistor side. The liquid 
crystal molecules on the alignment film 5 side (on the 
color filter side) and the liquid crystal molecules on the 



to 



alignment . film 5' side (on the 



) 



are set to be at a pretilt angle so as to be parallel to each 
other, by alignment control of the alignment films 5 ^ 
5'. 

The above-described prior art method, however, has the 
following disadvantage: Namely, in the second rubbing 
treatment performed by way of the resist 3 after the first 
rubbing treatment performed over the whole surface, the 
rubbing must be carried out in the reversed 
opening portions each having a size 



using 
half that of a fine 
dot. Moreover, in the second rubbing treatment, a large 
mask must be used. Consequently, such a rubbing treatment 
difficult to be practically realized. 

Another problem is that when a photoresist is applied 
on the rubbing surface and developed, the alignment film 
tends to be dissolved by an alkali component contained in a 
development solution, and in this case, even when the 
alignment film is not perfectly dissolved, at least part of 
the surface of the film is liable to be altered, thus failing 
to realize the stable alignment state by the rubbing 
treatment . 

A further problem arises, in which since the remaining 
photoresist must be removed, the alignment film tends to be 
further damaged by the removal of the remaining photoresist, 
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and consequently, the initial rubbing state is difficult to 
be kept, thus failing to ensure stable alignment division 

over a wide area. 

In recent years, a method capable of practically 
solving the above-described prior art disadvantages has been 
proposed. Such a method will be described below with 
reference to the drawings. 

First, as shown in Fig. 14A, a low pretilt angle 
alignment film 11 made of an inorganic material is formed 
on a substrate 10; a high pretilt angle alignment film 12 
is laminated thereon as shown in Fig. 14B; and a photoresist 
13 is laminated thereon as shown in Fig. 14C. Subsequently, 
as shown in Fig. 14D, the photoresist 13 is developed and the 
high pretilt angle alignment film 12 is etched, followed by 
the rubbing treatment using a roller 16 as shown in Fig. 14E, 
thus manufacturing an alignment film. 

In this method, since only one rubbing treatment is 
required and further the high pretilt angle alignment film 
12 is subjected to the rubbing treatment after removal of the 
resist, the alignment state can be stabilized. Moreover, 
since the low pretilt angle alignment film 11 at the first 
layer is made of an inorganic material, it becomes possible 
to reduce the influence of the photoresist on the development 
solution, and hence to obtain a stable alignment film. 
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Pig* 14F shows one construction example of the liquid 
crystal element using the alignment film having such a 
structure, wherein liquid crystal molecules 17 are sealed 
between a substrate 10 and low and high pretilt angle 
alignment films 11, 12 on the color filter side, and a 
substrate 10 and low and high pretilt angle alignment films 
11', 12 • on the thin film transistor side. The pretilt angle 
of liquid crystal on the alignment . film on the color filter 
side and the pretilt angle of liquid crystal molecules on the 
alignment film on the thin film transistor side are set to 
be different from each other by alignment control of the 
low pretilt angle alignment films 11, 11, and the high 
pretilt angle alignment films 12, 12'. 

As described above, an orientation film for orienting 
liquid crystal in a specified direction is formed within a 
substrate of a liquid crystal element* The alignment film 
has been generally obtained by rubbing a rubbing cloth on the 
surface of an alignment film preliminary layer (resin film) 
for giving a specified alignment. in the rubbing 
treatment, dust is generated and thereby the surface of the 
alignment film tends to be contaminated by the dust, thus 
harming the alignment of the alignment film. 

To cope with the problems, the present inventors has 
examined a technique of forming an alignment film by a 
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stamp method. 

An alignment film on a substrate of a liquid crystal 
element is formed on the surface of a substrate main body 
being high in rigidity such as glass, generally, to a 
thickness of 1 urn or less for lowering the drive voltage of 
the liquid crystal element; accordingly, a 
irregular pattern cannot be formed only by pressing of a 
thereon just as the formation of an irregular pattern on a 
soft and thick plastic film. 

Specifically, for forming an irregular pattern on the 
surface of a thin alignment film, it is required to 
accurately press a die on a resin made alignment film 
preliminary layer at a uniform pressure. For this purpose, 
in the case of pressing using a press, it is required to 
enhance the flatness and parallelism of a die plate and die 
set of the press, and to equalize the in-plane pressure 
distribution upon pressing of the die onto the alignment 

film preliminary layer. 

The method of manufacturing a liquid crystal element 
having the prior art structure requires a photolithography 
process, tending to complicate the whole manufacturing 
process, to deteriorate productivity, and to increase a 

manufacturing cost. 

In the prior art manufacturing method, moreover, 
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residue in the photolithography process tends to be contained 
in an alignment film, thus causing a fear in reducing the 
yield of products. 

Additionally, in the rubbing process, an alignment 
film prel imin ary layer is rubbed with a rubbing cloth and 
thereby dust is generated, while a clean room is required for 
masking by photolithography, and consequently, the management 
of the whole process is complicated, and it becomes difficult 
to keep high quality through the whole process. 

In the prior art method described with reference to 
Fig. 13, the resist 3 is formed after the first rubbing 
treatment and openings are formed by patterning of the 
resist, after which the alignment film 2 initially rubbed 
is partially rubbed again in another direction over the 
openings of the resist 3 in the state that part of the 
alignment film 2 initially rubbed is protected. As a 
result, since the domains of the resist 3 in openings are 
twice rubbed, portions of the resist 3 near the openings 
cannot be rubbed at a high accuracy. In this rubbing 
treatment, the treated magnitude of a pixel is limited to 
about 100 MmXl00 urn. 

Fig. 15 is a plan view showing the rubbing directions 
of alignment films in one example of a liquid crystal 
element in which the rubbing direction of the alignment 
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film on the color filter side is different from the rubbing 
direction of the alignment film on the thin film transistor 
side, wherein the robbing direction A is perpendicular to the 

rubbing direction B. 

incidentally, the liquid crystal element having such a 
structure has a visual field angle characteristic shown in 
Fig. 16, and has a disadvantage that the vidual field angle 
is narrow in a specified direction. The visual field angle 
characteristic shown in Fig. 16 has an area of CR ^10. 

Here, the wording "CR" means "contrast", and is defined 
in the following equation, for a normally white type 
crystal (white display upon applying of no voltage, and black 
display upon applying of voltage ) . 

CR = (transmissivity upon applying of no 
voltage )/(transmissivity upon applying of voltage) 

CR is also defined by the following equation, 
normally black type liquid crystal (black display upon 
applying of no voltage, and white display upon applying of 
voltage ) . 

CR = (transmissivity upon applying of 
voltage) /(transmissivity upon applying of no voltage) 

in the liquid crystal element in which the combination 
of the rubbing direction of an alignment film on the color 
filter side and the rubbing direction of an alignment film 



for a 
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on the thin film transistor side is different for each pixel 
of each thin film transistor/ a substrate including one 
alignment film and another substrate including another 
alignment film are accurately positioned and joined to each 
other while eliminating the generation of any error in the 
order of pixel unit/ and liquid crystal is sealed 
therebetween. At this time/ if the above-described 
positioning accuracy is only slightly poor r it becomes 
difficult to obtain a desirable alignment of liquid 
crystal. 

Incidentally/ the twisting angle of an STH (Super 
Twisted Nematic ) liquid crystal is generally in the range of 
from 180- to 240*/ and it may be considered that the visual 
field angle can be enlarged by increasing the twisting angle. 

However/ to obtain the twisting angle of 240* in the 
STN liquid crystal/ the pretilt angle of liquid crystal 
molecules must be 6* or more, and in the alignment film 

m 

subjected to the prior art rubbing treatment using a rubbing 
cloth, it is difficult to stably form the pretilt angle of 
6" or more. 

A method has been known of forming projecting portions 
at a tilting angle of 6* or more by a special evaporation 
called the tilting evaporation thereby realizing a high 
pretilt angle; however, this method is high in manufacturing 
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cost, and is not suitable for mass-production. 

Incidentally, the present inventors have found that 
even when a high flatness stamping die for forming an 
alignment film is pressed on an alignment film 
preliminary layer, the surface shape of the stamping die is 
sometimes not perfectly stamped on the alignment film 

preliminary layer. 

The reason for this is that as shown in Fig. 25A, a 
transparent substrate 102 made of glass formed with an 
alignment film preliminary layer 101 has generally fine 
waviness, irregularities or tilting, and thereby it is uneven 
in its thickness, as a result of which even when it is 
sufficiently subjected to surface finish such as grinding, 
slight waviness, irregularities or tilting remain on the 
upper surface of the substrate 102. 

Specifically, when the pressing is performed using a 
stamping apparatus including a press base body 103 having a 
high flatness, a sheet-like elastic member 104 stuck on the 
press base body 103 and a plate-like die member 105, a domain 
where the die member 105 is not pressed on the alignment 
film preliminary layer 101 as shown in Fig. 25B is generated. 

This domain leads to a failure in alignment, thus causing 
a failure in display of the liquid crystal display. 

Moreover, in the case where an irregular pattern is 
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formed on -the alignment film preliminary layer 101 by the 
die member 105 and then the die member 105 is separated from 
the alignment film preliminary layer 101 , if the die member 
105 and the alignment . film preliminary layer are made of 
materials liable to be easily bonded to each other, part of 
the alignment film preliminary layer 101 is peeled and 
stuck on the surface of the die member 105, to damage part of 
the alignment film, thus causing unevenness in display. In 
addition, since the alignment film preliminary layer is 
generally made of aromatic polyamide, the above-described 
problem in peeling of the alignment film is significantly 
enlarged in the case where the die member 105 is made of 
nickel . 

SUMMARY OF THE INVENTION 

In view of the foregoing, 

an object of the present invention is to 
provide a liquid crystal element and its manufacture; 
formation of an alignment film for a liquid crystal; and a 
stamping die for forming an alignment film for a liquid 
crystal element and its manufacture, wherein an alignment 
film having a plurality of uniform alignment domains can be 
manufactured and thereby a liquid crystal display element 
having a wide visual field angle can be obtained. 



Another object of the present invention is to provide 
stamping apparatus enabling smooth stamping of an irregular 
pattern and preventing the peeling of part of an alignment 

iary layer upon separation from a stamping die 
thereby eliminating the generation of peeling failure, even 
when an alignment . film is formed on a substrate having 
slight tilting, irregularities or waviness. 

To achieve the above object, according to a preferred 
mode as described in claim 1, there is 
crystal element comprising: 

a pair of substrates disposed so as to face to each 
other, and having respective alignment films on the 



liquid crystal held between said substrates j 
wherein a surface shape of said alignment 
on at least one of said substrates is formed by pressing 



of a 



Le, and 

said alignment film formed with the surface shape by 
pressing of the die has a plurality of uniform alignment 
domains which are different from each other in the emergent 



direction or emergent magnitude of a pretilt angle of liquid 
crystal within an effective display plane. 

According to a preferred mode as described in claim 2, 
there is provided a liquid crystal element defined in the 
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preferred mode as described in claim 1, wherein said 
alignment film formed on one of said substrates and having 
a plurality of said uniform alignment : domains has two 
directional uniform alignment domains in which the emergent 
directions of the pretilt angle of liquid crystal are 
approximately parallel to each other , and said alignment 
film formed on the other of said substrates has a pretilt 
angle lower than said pretilt angle in one of said 
substrates . 

According to a preferred mode as described in claim 3, 
there is provided a liquid crystal element defined in the 
preferred mode as described in claim 1 or 2, wherein the 
surface shape of said alignment film is formed by 
collection of a plurality of projecting portions having 
tilting surfaces , and said tilting surfaces of said 
projecting portions function as a means of adjusting the 
pretilt angle of liquid crystal. 

.According to a preferred mode as described in claim 4, 
there is provided a liquid crystal element def dined in the 
preferred mode as described in any of claims 1 to 3, one 
uniform alignment domain having an emergent direction or 
emergent magnitude of a pretilt angle of liquid crystal is 
formed by the collection of first projecting portions having 
tilting surfaces extending at a tilting angle, and the other 
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uniform alignment . domain having an emergent direction or 
emergent magnitude of a pretilt angle different from that in 
said one uniform alignment domain is formed by collection 
of a plurality of second projecting portions having tilting 
surfaces extending at an angle different from that of said 
tilting surfaces of said first projecting portions. 

According to a preferred mode as described in claim 5, 
there is provided a liquid crystal element defined in the 
preferred mode as described in any of claims 1 to 4, wherein 
the surface shape of an alignment film is formed by 
collection of projecting portions having tilting surfaces, 
and the tilting angle of the tilting surfaces of said 
projecting portions formed on the surface of said alignment 
film is specified at 6* or more* 

According to a preferred mode as described in claim 6, 
there is provided a method of manufacturing a liquid crystal 
element having liquid crystal held between a pair of 
substrates, said substrates being disposed so as to face to 
each other and having respective alignment films on the 
facing surfaces thereof; comprising: 

an alignment film preliminary layer forming process 
of forming an alignment film preliminary layer on the 
surface of each of said substrates? and 

a shape imparting process of pressing a die capable of 



forming a plurality of uniform alignment domains different 
from each other in an emergent direction or emergent 
magnitude of a pretilt angle of liquid crystal within an 
effective display plane on the surface of said substrate f on 
the surface of at least one of said alignment film 
preliminary layer. 

According to a preferred mode as described in claim 7, 
there is provided a method of manufacturing a liquid crystal 
element having liquid crystal held between a pair of 
substrates , said substrates being disposed so as to face to 
each other and having respective alignment films on the 
facing surfaces thereof; comprising: 

an* alignment film preliminary layer forming process 
of forming an alignment film preliminary layer on the 
surface of each of said substrates; and 

a first shape imparting process of pressing a die 
capable of forming uniform alignment . domains nearly equal 
to each other in an emergent direction or emergent magnitude 
of a pretilt angle of liquid crystal within an effective 
display plane on the surface of said substrate , on the 
surface of at least one of said alignment film preliminary 
layer; and 

a second shape imparting process of pressing a die 
capable of forming uniform alignment domains different in 
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tJie emergent direction of the pretilt angle from those 
obtained in said first shape forming process, on the surface 
of said alignment film preliminary layer. 

According to a preferred mode as described in claim 8, 
there is provided a method of manufacturing a liquid crystal 
element defined in the preferred mode as described in claim 6 
or 7, which further comprises a shape imparting process of 
pressing said die on one of said alignment film preliminary 
layers, and a process of pressing an approximately 
cylindrical roller formed at least on the surface with an 
elastic body on the other of said alignment film 



According to a preferred mode as described in claim 9, 
there is provided a method of manufacturing a liquid crystal 
element defined in the preferred mode as described in any of 
claims 6 to 8, wherein said uniform alignment domains are 
formed using a stamping die in which a plurality of 
projecting portions having tilting surfaces are formed on the 
surface and the tilting angle of said tilting surfaces of 
said projecting portions is specified at 6* or more. 

According to a preferred mode as described in claim 10, 
there is provided a method of manufacturing a liquid crystal 
element defined in the preferred mode as described in any of 
claims 6 to 9, wherein said shape imparting process is 



3;. 
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carried out using a die on the surface of which a plurality 
of first portions each forming one uniform alignment domain 
and a plurality of second portions each forming the other 
u nif orm alignment domain are formed, said first portion 
being constituted of collection of a plurality of projecting 
portions with tilting surfaces having the same tilting 
direction and the same tilting angle, and said second portion 
being constituted of a plurality of projecting portions with 
tilting surfaces having a tilting direction and a tilting 
angle different from said tilting direction and said tilting 
angle of said first portion ♦ 

According to a preferred mode as described in claim 11, 
there is provided a stamping die for forming an alignment 
film for a liquid crystal element, which is pressed on the 
surface of a resin made alignment film preliminary layer 
formed on a substrate for a liquid crystal element for 
forming a plurality of projecting portions on the surface of 
said alignment film preliminary layer, comprising: 

irregularities repeatedly formed on the surface of said 
stamping die along a first direction; and 

irregularities repeatedly formed on the surface of said 
stamping die along a second direction crossing said first 
direction, 

wherein the tilting direction of said tilting surfaces 
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formed by said irregularities are specified for each of a 
plurality of divided domains formed on the surface of said 
stamping die. 

According to a preferred mode as described in claim 12, 
there is provided a stamping die for forming an alignment 
film for a liquid crystal element defined in the preferred 
mode as described in claim 11, wherein the tilting angle of 
said tilting surfaces of said projecting portions formed on 
the surface of said stamping die is specified at 6* or more. 

According to a preferred mode as described in claim 13, 
there is provided a stamping die for forming an alignment 
film for a liquid crystal element defined in the preferred 
mode as described in claim 11 or 12, wherein said divided 
domain of said stamping die is equivalent to one of said 
projecting portions formed on said stamping die. 

According to a preferred mode as described in claim 14, 
there is provided a method of manufacturing a stamping die 
for forming an alignment film for a liquid crystal element 
comprising: 

a first heating process of heating a stamping film made 
of a thermoplastic ultraviolet ray hardening resin formed on 
a substrate; 

a first stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
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irregularities are repeatedly formed along an optional 
direction, on said stamping film; 

a ultraviolet ray emitting process of disposing a mask 
formed with opening portions at suitable intervals, and 
emitting ultraviolet rays to said stamping film through said 
mask; 

a second heating process of heating said stamping film 
after said ultraviolet ray emitting process; 

a second stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along a direction 
different from said optional direction in said first stamping 
process, on said stamping film; and 

a process of pressing said stamping die on said 
stamping film after said second stamping process, thereby 
stamping the surface shape of said stamping film on said 

stamping die. 

According to a preferred mode as described in claim 15, 
there is provided a method of forming an alignment film for 
a liquid crystal element, comprising: 

a first heating process of heating an alignment film 
preliminary layer made of a thermoplastic ultraviolet ray 
hardening resin formed on a substrate; 

a first stamping process of pressing, a single domain 
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stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along an optional 
direction, on said alignment film preliminary layer; 

a ultraviolet ray emitting process of disposing a mask 
formed with opening portions at suitable intervals, and 
emitting ultraviolet rays to said alignment film 
preliminary layer through said mask; 

a second heating process of heating said operation 
film preliminary layer after said ultraviolet ray emitting 
process; and 

a second stamping process of pressing, a single d om a in 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along a direction 
different from said optional direction in said first stamping 
process, on said alignment . film pre l i m i n ary layer. 

According to a preferred mode as described in claim 16, 
there is provided a method of manufacturing a stamping die 
• for forming an alignment film for a liquid crystal element, 
comprising: 

a first heating process of heating a stamping film made 
of a thermoplastic ultraviolet ray hardening resin formed on 
a substrate; 

a first stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 



irregularities are repeatedly formed along an optional 

direction, on said stamping film; 

a ultraviolet ray emitting process of disposing a mask 

formed with opening portions at suitable intervals , and 

emitting ultraviolet rays to said stamping film through said 
mask; 

a second heating process of heating said stamping film 
after said ultraviolet ray emitting process; and 

a second stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along a direction 
different from said optional direction in said first stamping 
process, on said stamping film. 

According to a preferred mode as described in claim 17, 
there is provided a method of manufacturing a stamping die 
for forming an alignment film for a liquid crystal element, 
comprising: 

a first heating process of heating a stamping film made 
of a thermoplastic ultraviolet ray hardening resin formed on 
a substrate; 

a first stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along an optional 
direction, on said stamping film; 
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a ultraviolet ray emitting process of disposing a mask 
formed with opening portions at suitable intervals, and 
emitting ultraviolet rays to said stamping film through said 
mask; 

a second heating process of heating said stamping film 
after said ultraviolet ray emitting process; and 

a second stamping process of pressing, a single do m a in 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along a direction 
different from said optional direction in said first stamping 
process, on said stamping film; 

wherein the surface shape is formed on said stamping 
die by electro-casting using said stamping film after said 
stamping process as an original template. 

According to a preferred mode as described in claim 18, 
there is provided a stamping apparatus used for pressing a 
die member having an irregular pattern on an alignment film 
preliminary layer on a substrate thereby stamping the 
irregular pattern on the upper surface of said alignment 
film preliminary layer, comprising: 

a press base body made of a rigid body; 

an elastic member disposed so as to face to said press 

base body; and 

a sheet-like die member provided on the side not facing 




to said press base body of said elastic member. ? 

According to a preferred mode as described in claim 19 r 
there is provided a stamping apparatus defined in the 
preferred mode as described in claim 18, wherein said elastic 
member is mounted on the surface of said press base body, and 
said die member is mounted on the surface of said elastic 
member. 

According to a preferred mode as described in claim 20, 
there is provided a stamping apparatus for forming an 
irregular pattern on an alignment film defined in the 
preferred mode as described in claim 18 or 19 , wherein said 
press base body is formed in a flat shape. 

According to a preferred mode as described in claim 21, 
there is provided a stamping apparatus for forming an 
irregular pattern on an alignment film defined in the 
preferred mode as described in claim 18 or 19, wherein said 
press base body is formed in a roller shape. 

According to a preferred mode as described in claim 22, 
there is provided a stamping apparatus defined in the 
preferred mode as described in any of claims 18 to 21, 
wherein said die member is formed to a thickness in the range 
of from 0.001 mm to 0.2 mm. 

According to a preferred mode as described in claim 23, 
there is provided a scamping apparatus defined in the 
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preferred mode as described in any of claims 18 to 22, 
wherein a coating layer made of gold, gold alloy, copper or 
copper alloy is formed on the surface of said die member. 

Hereinafter, the function of the present invention will 
be described. 

According to the preferred mode as described in claim 
1, since the surface shape of an alignment film is imparted 
by pressing of a die, it is possible to e limin ate the rubbing 
process of generating dust, to accurately impart an optional 
surface shape in accordance with the shape of the die to an 
alignment film, and to impart uniform alignment domains 
by an optional number; and further, since a plurality of 
uniform alignment domains are formed in an effective 
display plane, each visual field angle characteristic in 
accordance with each uniform alignment d om ai n can be 
obtained, and a preferable visual field angle characteristic 
in all the directions can be obtained as a whole. 

Since the surface shape of an alignment film is 
determined depending on the shape of the die, it is possible 
to easily form even the surface shape with irregularities of 
a magnitude of several *tmX j*m, and hence to provide a high 
density liquid crystal element. 

Since the surface of an alignment film is formed 
without a resist used in the conventional method, it is 
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possible to eliminate the problems such as disturbance of the 
surface shape of the alignment film and the damage of the 
underlayer alignemnt film which have been conventionally 
generated upon removal of the resist. 

In the prior art structure of controlling a pretilt 
angle of liquid crystal by the surface shape of an 
alignment film formed by rubbing treatment, when the 
rubbing treatment is performed by a plural numbers using a 
resist as a mask for realizing a wide visual field angle, the 
surface shape of the alignment film at the boundary between 
the domain subjected to the first rubbing treatment and that 
subjected to the second rubbing treatment is disturbed, so 
that the width of the disturbed alignment of liquid crystal 
in the boundary is widened. On the contrary, according to 
the method of forming the surface shape of the alignment 
film by the die, the boundary in the aligned direction can 
be perfectly controlled, so that the width of the disturbed 
alignment is narrowed, thus improving the display quality. 

Since the surface shape corresponding to the 
irregularities of a die can be imparted onto an alignment 
film, the number of uniform alignment domains to be formed 
for each pixel can be significantly increased as compared 
with the conventional manner. For example, for a pixel of 
100/xmXloo Mm, two pieces of domains can be formed in the 
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prior art; however, in the structure of the surface shape of 
the alignment film obtained by pressing of a die, since the 
irregularities formed on the surface of the die can be 
accurately stamped in the order of lim. several to 
several tens or more of alignment, d om ai n s can be easily 
formed. Additionally, in this operation, the necessity of 
the positioning between the pixel and the alignment film is 
eliminated • 

According to the preferred mode as described in claim ^ 
2, two directional uniform alignment domains in which s. 

aligned directions are substantially parallel to each other ^ 
are formed on each pixel, and further the pretilt angle in ^ 
another alignment film is low, so that when the substrates 
are superimposed, the positioning does not require the z~ 
accuracy so much* ~ 
According to the preferred mode as described in claim 3 — 
or 4, since the surface shape of an alignment film is 
formed by collection of the tilting surfaces of projecting 
portions, it is possible to specify the pretilt angle of 
liquid crystal by the tilting angle, and to specify the 
pretilt angle for each uniform alignment domain by the 
tilting surfaces of the projecting portions in each d om ai n . 

According to the preferred mode as described in claim 
5, since the pretilt angle of liquid crystal molecules is 
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specified at 6* or more, the twisting angle of a liquid 
crystal molecules can be set at 240* or more* The twisting 
angle can be realized for an STN liquid crystal. 

According to the preferred mode as described in claim 

6, since the surface shape of an alignment film can be 
imparted by pressing of a die, an optional surface shape of 
an alignment film in accordance with the shape of the die 
can be accurately obtained, and the orientation film having 
uniform alignment domains by the desirable number can be 
obtained* Moreover, since a plurality of uniform alignment 
domains can be formed within an effective display plane , the 
visual field angle corresponding to each uniform alignment 
domain can be obtained, thus obtaining an excellent liquid 
crystal element having a preferable visual field angle in all 
the directions as a whole. 

According to the preferred mode as described in claim 

7, in addition to the first shape imparting process described 
in the preferred mode as described in claim 6, a second shape 
imparting process is provided of pressing a die capable of 
forming uniform alignment domains different in the emergent 
direction of the pretilt angle from those obtained in the 
first shape forming process, on the surface of the 
alignment film preliminary layer, so that different uniform 
alignment domains can be positively formed on a substrate, 
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a liquid crystal element excellent in a 
preferable visual field angle in all the directions as a 

whole can be obtained. 

According to the preferred mode as described in claim 
8, an alignment film with a surface shape having a low 
pretilt angle can be easily formed by pressing a roller 
having an elastic body on an alignment film, and thereby a 
liquid crystal element having upper and lower substrates 
being easy in the positioning can be provided. 

In the case of using a stamping die in which the 
tilting angle of tilting surfaces of projecting portions is 
6' or more as described in the preferred mode as described in 

Ld crystal becomes 6* or 



claim 9 , the . pretilt angle of 
more, and accordingly, the liquid crystal having a twisting 
angle of 240* or more can be obtained. Thus, a liquid 
crystal element having a wide visual field angle can be 



Moreover, in the case of using a stamping die in which 
a plurality of projecting portions having tilting surfaces 
described in the preferred mode as described in claim 10 are 
collected, a plurality, of uniform alignment domains are 
easily formed on an alignment film, thus easily controlling 
the pretilt angle of liquid crystal. 

According to the preferred mode as described in claim 
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11 or 12, -there is provided a die used for forming an 
irregular surface shape on an alignment film preliminary 
layer on a substrate , wherein the tilting surfaces of the 
irregularities formed on the alignment film preliminary 
layer are specified for each of a plurality of domains, so 
that the alignment of liquid crystal is adjusted for each 
of the above domains. Accordingly, it is possible to 
manufacture an alignment film having a plurality of domains 
in each of which the alignment of liquid crystal is 
specified, and hence to obtain a liquid crystal element in 
which the alignment is specified for each domain. 

The twisting angle of liquid crystal can be increased 
by specifying the tilting angle of the tilting surfaces of 
each projecting portion on the surface at 6* or more. 

In the preferred mode as described in claim 13, since 
one projecting portion is taken as one uniform alignment 
domain, a plurality of domains each having a minimum size 
capable of being formed on the die can be formed on the 

alignment film, and the different alignment can be 
imparted to liquid crystal for each domain. As a result, it 
is possible to change the alignment of liquid crystal 
molecules in an extremely fine domain as compared with the 
conventional one, and hence to provide a liquid crystal 
element having a wide visual field angle. 
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In the method of manufacturing a transfer die for 
forming an orientation film for a liquid crystal element 
according to the preferred mode as described in claim 14, a 
tamping die used for formation of aft alignment film 
subjected to alignment division can be manufactured at a 
low cost- As compared with the method of forming an 

alignment film by the rubbing treatment, the 
controllability is high, and it is possible to form a stable 
and high accurate alignment film having a high pretilt 



Differently from the method of forming an alignment 
film by the rubbing treatment, the shape imparting process ii 
performed in a clean environment without generation of dust. 

In the method of forming an alignment film using the 
die, moreover, the manufacturing cost can be significantly 
reduced as compared with a method of preparing grating using 

photolithography. 

In the method of forming an alignment film for a 
liquid crystal element according to the preferred mode as 
described in claim 15, an alignment film can be formed 
without manufacture of a stamping die having the surface 
shape aligned in a plurality of directions, and further as 
compared with the method of forming an alignment film by 
the rubbing treatment, the controllability is high, and it i 




possible to form a stable and accurate alignment film 
having a high pretilt angle. 

Differently from the method of forming an alignment 
film by the robbing treatment , the shape imparting process is 
performed in a clean environment without generation of dust. 

In addition , the manufacturing cost can be 
significantly reduced as compared with a method of preparing 
grating using photolithography. 

In the method of manufacturing a stamping die for 
forming an alignment film for a liquid crystal element 
according to the preferred mode as described in claim 16, the 
stamping die can be manufactured without the stamping base 
die, thus reducing the manufacturing cost. 

In the method of manufacturing a stamping die for 
forming an alignment film for a liquid crystal element 
according to the preferred mode as described in claim 17, the 
surface shape can be accurately stamped from a stamping 

base die to a stamping die using electro-casting. 

Embodiments of the present invention will now be described, 
by way of example only, with reference to the accompanying 
drawings, in which; 

Fig. 1 is a sectional view showing the state in which 
an alignment film preliminary layer is formed on a 
substrate; 

Fig. 2 is a side view showing the state in which a 
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plurality of projecting portions are formed on an alignment 
film preliminary layer using a stamping die; 

Fig. 3 is a partially enlarged perspective view showing 
irregularities of the stamping die; 

Fig. 4 is a partially enlarged view showing an 
pattern formed on an alignment film prelimi 



layer using a stamping die; 

Fig. 5 is a partially enlarged perspective view for 
illustrating the shape of the irregular pattern shown in Fig 



4; 



Fig. 6 is a partial 



sectional view of the irregular 



pattern shown in Fig. 5; 



Fig. 7 is a partially enlarged sectional view showing 
another irregular pattern formed on an alignment 



Fig. 8 is a partially enlarged perspective view showing 
irregular pattern on an alignment film of the 



present invention; 

Fig. 9 is an equal contrast curve 
the twisting of 270* in STN liquid c 

Fig. 10 is an equal contrast curve capable of realizing 

the twisting of 180* in STN liquid 
Figs. 11A to 11G are process 



diagrams showing a method 



of manufacturing a stamping die for forming an alignment 



It 
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film of a liquid crys-tal element; 

Fig. 12 Is a plan view showing one example of a mask 
used for manufacture of a -stamping die for forming an 
alignment film for a liquid crystal element; 

Fig, 13A is a process diagram of a prior art method 
showing an alignment film preliminary layer formed on a 
substrate; 

Fig. 13B is a process diagram of the prior art method 
showing the state in which the alignment film preliminary 
layer is subjected to alignment treatment by rubbing; 

Fig. 13C is a process diagram of the prior art method 
showing the state in which a resist is formed; 

Fig. 1 3D is a process diagram of the prior art method 
showing the state in which part of the resist is removed; 

Fig. 13E is a process diagram of the prior art method 
showing the state in which the second rubbing is performed on 
the resist part of which is removed; 

Fig. 13F is a process diagram of the prior art method 
showing the alignment film obtained; 

Fig. 13G is a sectional view showing an essential 
portion of a liquid crystal in which each domain is subjected 
to alignment division; 

Fig. 14A is a process diagram of another prior art 
method showing an alignment film having a low pre-tilt 
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angle formed on a substrate? 

Fig. 14B is a process diagram of the another prior art 
method showing an alignment film having a high pre-tilt 
angle is formed on the alignment film having a low pre-tile 
angle; 

Fig. 14C is a process diagram of the another prior art 
method showing a resist formed on the alignment film having 

a high pre-tilt angle; 

Fig. 14D is a process diagram of the another prior art 
method showing the state that part of the resist is removed 
and further part of the alignment film having a high pre- 
tilt angle is removed; 

Fig ? 14E is a process diagram of the another prior art 
method showing the state in wiiich rubbing is performed on the 
alignment film having a high pre-tilt angle part of which 



Fig. 14F is a sectional .view showing an essential 
portion of a liquid crystal in which domain is subjected to 

alignment division; 

Fig. 15 is a view for illustrating a prior art 
structure in which alignment treatment is performed in two 
directions perpendicular to each other; 

Fig. 16 is a view showing a visual field angle 
characteristic of liquid crystal having the alignment 
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shown in Fig. 15; 

Fig. 17 is a side view showing a first example of a 
stamping apparatus of the present invention; 

Fig. 18 is a side view showing the state in which an 
irregular pattern is stamped on an alignment film 
preliminary layer formed on a substrate using the stamping 
apparatus shown in Fig. 17; 

Fig. 19 is a side view showing a second example of a 
stamping : . apparatus of the present invention; 

Fig. 20 is a side view showing the state in which an 
irregular pattern is stamped on an alignment film 
preliminary layer formed on a substrate using the stamping 
apparatus shown in Fig. 19; 

Fig. 21 is a side view showing a third example of a 
stamping apparatus of the present invention; 

Fig. 22 is a side view showing the state in which an 
irregular pattern in stamped . on an alignment film 
preliminary layer formed on a substrate using the stamping 
apparatus shown in Fig. 21; 

Fig. 23 is a perspective view in which one example of 
the alignment film is enlarged; 

Fig. 24A is a view showing the result of am 
interference light measurement test performed in Test 
Example ; 
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Fig. 24B is a view showing the result of a separation 
test performed in Test Example; 

Fig. 25A is a side view showing one example of a prior 
art stamping apparatus; and 

Fig. 25B is a side view showing the state in which 
stamping is performed using the prior art stamping apparatus 



Hereinafter, the present invention will be described in 
detail with reference to the drawings. 

A liquid crystal element is manufactured in the 
following procedure: First, a resin solution is applied 
onto the' upper surface of a substrate formed of glass or 
like in a rectangular shape as shown in Fig. 1, by spin- 
coating, screen printing or offset printing, and it is 
by baking, to thus form an alignment film preliminary layer 

21. 

The alignment film preliminary layer 21 may be 
subjected to pre-baking and post-baking, as needed. The pre- 
baking and baking can be performed by a method wherein the 
substrate 20 formed with a resin solution is heated for about 
30 minutes at 80* C and then heated for one hour at about 
180' C. Alternatively, the substrate 20 is preliminarily 
heated at about 80* C, being coated with a resin solution by 
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In the above-described screen printing, a resin 
solution is applied onto the substrate 21 in such a manner 
that a printing squeegee is moved by way of a screen provided 
on the substrate 20 in the longitudinal, transverse, or 
tilting direction of the substrate 21 at a specified speed, 
for example , 20 cm/sec. 

The material of the substrate 20 is not limited to 
glass, and it may include those used for the liquid crystal 
element of this type, for example, ceramics. The shape of 
the substrate 20 is also not limited to the rectangular one, 
and it may include an optional one. 

The alignment film preliminary layer 21 is preferably 
formed of a thermosetting resin being small in influence 
exerted on a stamping die (described later) such as epoxy 
res in , or a photo-curing resin. However, it may be formed 
of a thermoplastic resin. In .this case, the thermoplastic 
resin preferably has a glass transition point in the range of 
from 130 to 280 # c for ensuring the heat-stability of the 
liquid crystal element and also keeping the stability of the 
resin agai n st heat treatment performed for stamping of an 
irregular pattern thereto by the stamping die (described 
later). The alignment film preliminary layer 21 made of 
the material satis fying such requirements is excellent in 
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heat resistance and it can be easily stamped with an 



( 

Next, a roller-like stamping die 23 shown in Fig. 2 is 
disposed on the upper surface of the alignment film 
preliminary layer 21 in the direction perpendicular to the 
longitudinal direction of the substrate 20. In such a state, 
at least one of the substrate 20 and the stamping die 23 is 
heated to a temperature near a glass transition temperature 
of the alignment . film preliminary layer 21, and then the 
stamping die 23 is pressed on the alignment film 
preliminary layer 21 and simultaneously rolled in the 
longitudinal direction of the substrate 20. 

The stamping die 23 is composed of a roller main body 
made of metal or the like, on the surface of which a resin 
film is formed. As shown in Fig. 3, on the surface of the 
resin film of the stamping die 23, an irregular pattern in 
which projecting portions 25 and recessed portions 26 are 
continuously formed in an alignment state. The irregular 
pattern includes irregularities along a first direction and 
irregularities along a second direction crossing the first 
direction, as shown in Fig. 3. In this irregular pattern, a 
pitch PI of the irregularities along the first direction is 
specified to be shorter than a pitch P2 of the irregularities 
along the second direction. 
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The irregular pat-tern of the .-stamping die 23 can be 
thus stamped on the surface of the alignment film 
preliminary layer 21, to form an irregular pattern shown in 
Figs. 4, 5 and 6 on the upper surface of the alignment 
preliminary layer 21. in the projecting portions 27 
constituting the irregular pattern, as shown in Pig. 5, the 
pitch PI of the irregularities along the first direction is 
specified to be shorter than the pitch P2 of the 
irregularities along the second direction, and a tilting 
angle 6 of a ridgeling of a tilting surface R2 extending 
along the second direction from the vertex portion of the 
projecting portion 27 is formed at, for example 20* or more. 

In this irregular pattern having the structure shown in 
the figures, the pitch PI is specified at, for example 3 fin 
or less and the pitch P2 is, for example 50 fim or less. The 
pitches PI and P2, however, are not limited thereto, and for 
' "they may be specified, at 1.2 Mm or less, and 20 ftm. 



In this irregular pattern, moreover, as shown in Fig. 
6, each projecting portion 27 of the irregularities along the 
second direction is formed in an approximately triangular 
shape being asymmetric in the right and left. Namely, the 
triangular shape of the projecting portion 27 is determined 
such that the angular ratio r 2 /ri is not equal to 1, wherein 
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r 2 and r x are respectively the right and left angles 
from the vertical angle of the triangle of the 



portion 27 by a vertical line A extending from the vertex of 
the triangle. The projecting portion 27 may be formed into a 
shape similar to a sine wave, comb-shape or triangular shape, 
of these shapes, the triangular shape is most suitable 
improving the alignment of liquid crystal. In this 
triangular shape of the projecting portion 27, the vertex 
portion may be rounded or flattened. In the case where the 
projecting portion 27 is formed in a triangular shape, the 
above-described angular ratio r 2 /ri can be specified at 1.2 

or more as shown in Fig. 6. 

Incidentally, upon the above-described stamping 
operation, it is desirable that after the stamping die 23 is 
pressed on the alignment film preliminary layer 21, the 
layer 21 is heated at a temperature near 

temperature for a specified time, and the stamping die 23 is 
then rolled for stamping of the irregular pattern. The 
pressing force of the stamping die 23 applied 
suitably set in accordance with the hardness of the 
alignment film preliminary layer 21, and is preferably 
at, for example, about 50 kg/cm 2 . The moving speed of the 
stamping die 23 is preferably set at such a value as to 
perfectly stamping the irregular pattern, for example, at 
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about 15 mm/sec. 

After the stamping die 23 is rolled to the center 
portion of the substrate 20, the substrate 20 and the 
stamping die 23 are cooled while the stamping die 23 is 
pressed on the substrate 20, and when they are cooled to a 
temperature not more than the glass transition temperature, 
the transfer die 23 is removed from the stamping film 
preliminary layer 21. The stamping die 23 is then turned by 
180 and moved to the opposed end of the substrate 20, after 
which it is rolled from the end portion side in the same 
manner as described above for stamping of the irregular 
pattern. Alternately, after the stamping is completed at the 
center portion, the stamping die 23 is reversed by 180* over 
the substrate 20 for changing the direction of the irregular 
pattern, and it is rolled from the center portion for 
stamping of the irregular pattern in the same manner as 
described above. Thus, on the remaining portion of the 
substrate 20, a number of projecting portions 28 having 
tilting surfaces R3 different in the direction from tilting 
surfaces R2 of the projecting portions 27 of the irregular 
pattern previously formed, to thus form an alignment film 
29. The alignment film 29 has an uniform alignment 
domain Bl composed of collection of a number of the 
projecting portions 27 having the tilting surfaces tilting at 
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tilting angle, and an uniform alignment domain B2 
composed of the collection of a number of the projecting 
portions 28 having the tilting surfaces tilting at 
tilting angle different from the above-described tilting 
angle of the tilting surfaces in the uniform alignment 



domain Bl • 

Two pieces of the substrates 20 with the alignment 
films 29 thus obtained are superimposed at a specified 
interval by way of a spacer or the like, and liquid crystal 
is sealed therebetween, to thus form a liquid crystal cell. 

By forming a number of the projecting portions on the 
surface of the alignment film preliminary layer 21 as 
described above, the conventional rubbing treatment using a 
rubbing cloth is not required to be performed, to eliminate 
the process in which dust is generated, thus improving the 



corresponding to that of the stamping die 23 can be imparted 
on the surface of the alignment film. 

Moreover, liquid crystal molecules corresponding to 
respective domains formed with the projecting portions 27, 28 
being different in the direction of the tilting surface have 
respective pretilt angles different from in the direction, so 
that two uniform liquid crystal alignment domains can be 
formed in one pixel system. Accordingly, since the visual 
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field angle characteristic corresponding to respective 
domains can be obtained, the visual field angle 
characteristic being wider than conventional as a whole can 
be obtained. 

In this example, the alignment film preliminary layer 
21 is divided into two domains, and a number of the 
projecting portions 27 or 28 having the tilting surfaces 
tilting at the same direction are formed in each domain. The 
layer 21 on the substrate 20 may be divided into a plurality 
of domains, and a number of projecting portions having a 
specified tilting direction can be formed on each of a 
plurality of the divided domains. In this case, a plurality 
of domains are set on the surface of the stamping die 23, and 
projecting portions having tilting surfaces tilting in the 
same direction are formed on each of a plurality of domains. 
Such a stamping die is rolled on the alignment film 
preliminary layer 21 once, so that a number of domains each 
including a plurality of projecting portions having tilting 
surfaces tilting in the same direction can be formed on the 
surface of the alignment film preliminary layer 21. In 
addition, since the pretilt angles (described later) of 
liquid crystal is specified on the base of the tilting 
surfaces R2 and R3 of the projecting portions 27 and 28, 
there can be obtained an alignment film having a plurality 
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of ffrwia-ing each having alignment corresponding "to the 
tilting directions of the tilting surfaces R2 and R3 of the 
projecting portions 27 and 28. 

For example, as shown in Fig. 7, three pieces of the 
projecting portions 27 having the tilting surfaces R2 tilting 
at an angle are continuously formed on a domain, and on each 
side of the domain, three pieces of the projecting portions 
28 having the tilting surfaces R3 tilting at another angle 
are continuously formed, to form an alignment film 29' on 
the surface of which a number of irregular patterns are 
orderly arranged. A stamping die 30 used in this case has an 
irregular shape shown in Fig. 7 in which recessed portions 
27' corresponding to the projecting portions 27 and recessed 
• portions 28' corresponding to the projecting portions 28 are 
formed. 

By pressing such a stamping die 30 on the alignment 
film preliminary layer 21 oncer a number of uniform 
alignment domains each having tilting surface tilting at 
the same angle can be easily formed on the alignment film 
preliminary layer 21. 

Fig. 8 shows another example of a stamping die for 
forming an alignment film. In the stamping die 31, a 
number of projecting portions 32 each having a cross- 
sectional shape similar to a sine wave are formed in an 



alignment state. In this example , the tilting angle of the 
ridgeling of a tilting surface extending along the second 
direction from the vertex portion of the projecting portion 
32 is formed to be more than that in the stamping die in the 
previous example. Using the stamping die 31 having the 
projecting portions 32 of such a high tilting angle, an 
alignment film having a large pretilt angle can be easily 
formed. 

In particular , the setting of the tilting angle of the 
tilting surface of the projecting portion at a value higher 
than 20* or more, is effective for the STN liquid crystal. 

In general, the twisting angle of the STN liquid 
crystal is in the range of from 180 to 240* ; however, by 
increasing the twisting angle more than the above-described 
range, the visual field angle can be increased. To set the 
twisting angle of the STN liquid crystal at 240* or more, the 
pretilt angle of the liquid crystal molecules are required to 
be set at 15* or more. In an alignment film subjected to 
rubbing treatment using a rubbing cloth, however, the pretilt 
angle of 15* or more cannot be realized. 

On the other hand, according to the method of using the 
stamping die having the above-described structure, the 
projecting portions 27, 28 having the tilting angle of 20* or 
more can be easily formed on a large scale, and accordingly, 
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the pretilt angle of liquid crystal molecules can be easily 
controlled at a value of 20* or more. Thus, in the STN 
liquid crystal, the twisting angle of 270* can be realized, 
and thereby a liquid crystal element of a wide visual field 
angle can be produced on a large scale. 

Fig. 9 is an equal contrast curve of an STN liquid 
crystal having a twisting angle of 270*, which shows the 
dependency of an visual field angle on a visual field angle. 
The numerals around the concentric circles (0*, 90*, 180 , 
and 270* ) show the directions along which the liquid crystal 
element is viewed. The concentric circle indicates the 
tilting degree from the normal line of the surface of the 
display element for each 10* , and the outermost circle 
indicates the state tilting from the normal line by 60* . 

Fig. 10 is an equal contrast curve of an STN liquid 
crystal having a twisting angle of 180* , in which the slant 
line portion shows the reversed domain. From this figure, it 
is revealed that the twisting angle of 270* in the STN liquid 
crystal can be realized and a high contrast domain can be 
widely obtained. 

The alignment film having a plurality of domains each 
having the same alignment is manufactured in the following 
procedure . 

First, a thermoplastic ultraviolet ray hardening resin 



is flatly applied onto on a substrate of a stamping base die, 
to form a stamping film. 



there may be used polyvinyl cinnamate or polyvinyl 
benzalacetophenone . 

Next, in a first heating process, the stamping base 
is heated, to soften the stamping film. 

On the other hand, a single domain stamping die 18 on 
which a plurality of irregularities are repeatedly formed 
along an optional direction is separately prepared. Then, ai 
shown in Fig. iia, the single domain stamping die 18 is 
pressed on the soften stamping film 15, to thus stamping the 
irregularities of the single domain stamping die 18 on the 
stamping film 15 (first transfer process). 

As shown in Fig. hb, a mask formed with opening 
portions 24 spaced at suitable intervals is disposed on the 
stamping film 15, and ultraviolet rays having a wavelength of 
from 220 to 400 nm are emitted over the mask 19 (ultraviolet 
ray emission process), to harden only portions of the 

stamping film 15 corresponding to the opening portions of the 
mask 19. 

The mask 19 has preferably a stripe pattern in which 
opening portions 22 and shielding portions 24 are 
periodically repeated at specified intervals. The width of 
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the opening portion 22 is determined in accordance with the 
size of the domain to be formed, and it is preferably 50 fin 
or more. 

in addition, the opening portion of the mask 19 is 
sufficient to allow ultraviolet rays to transmit 
therethrough . 

As shown in Fig. 11C, the stamping film IS is heated 
(second heating process). At this time, only a portion, not 
emitted with ultraviolet rays in the previous process, of the 

stamping film 15 formed on the substrate 14 of the stamping 
base die 34 is softened. 

After that, a single domain stamping die 33 in which a - 
plurality of irregularities repeatedly formed along the * 
direction different from that in the single domain stamping ? 
die 18 used in the first stamping process is pressed on the 

stamping film 15, to stamp the irregularities of the 
single domain stamping die 33 on the stamping film 15 (second 

stamping process). 

The single domain stamping die 33 used in the second 

stamping process may be different from, or the same as the 
single domain stamping die 18. In the case where the si 
domain stamping die 18 is used as the single domain stamping 
die 33, it is changed in the direction relative to the 

stamping base die 34, for example, the stamping base die 34 
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or the single domain stamping die 18 is changed by 90 or 
180* and is pressed on the stamping film IS. 

By adjustment of the domain on which ultraviolet rays 
emitted or the number of stamping by means of the single 
domain stamping die, an alignment film formed with 
irregularities having three or more kinds of directions or 
tilting angles, can be manufactured. 

The whole stamping film 15 is then hardened by 

emission of ultraviolet rays on the whole stamping film 15, 

to thus form the stamping base die 34 in which the stamping 

film 15 having irregularities extending in the two 

directions are formed on the substrate 14, as shown in Fig. 
HE. 

Next, as shown in Fig. 11F, a flat stamping die 35 is 
pressed on the stamping film 15 of the stamping base die 34, 
to be stamped with the surface shape of the stamping film 
15, thus manufacturing the stamping die 35 for forming an 

alignment film of a liquid crystal element as shown in Fig. 
11G. 

An alignment film having irregularities extending 
along a plurality of directions can be also formed without 
the above-described stamping base die. 

Namely, in the method of manufacturing the stamping die 
for forming an alignment film of a liquid crystal element, 
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the substrate 14 of the stamping base die 34 is taken as an 
alignment film substrate and the stamping film is taken as 
an alignment film. Referring again to Figs. 11A to 11G, 
this manufacturing method will be described below. 

First, a thermoplastic ultraviolet ray hardening resin 
is flatly applied onto a substrate which is the underlayer of 
an alignment film, to form an alignment film preliminary 
layer. Next, as a first heating process, the alignment 
film preliminary layer is heated to be soften. 

On the other hand, a single domain stamping die 18 on 
which a plurality of irregularities are repeatedly formed 
along an optional direction is separately prepared. Then, as 
shown in Fig. 11A, the single domain stamping die 18 is 
pressed on the soften alignment film preliminary layer 15, 
to thus stamping the irregularities of the single domain 
stamping die 18 on the alignment film preliminary layer 15 
(first stamping process) . 

As shown in Fig. 11B, a mask formed with opening 
portions 24 spaced at suitable intervals is disposed on the 
alignment film preliminary layer 15, and ultraviolet rays 
are emitted over the mask 19 (ultraviolet ray emission 
process), to harden only portions of the alignment film 
preliminary layer 15 corresponding to the opening portions of 
the mask 19. In addition, the opening portion of the mask 19 
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is sufficient to allow ultraviolet rays to transmit 
therethrough . 

As shown in Fig. lie, the alignment film preliminary 
layer 15 is heated (second heating process). At this time, 
only a portion, not emitted with ultraviolet rays in the 
previous process, of the alignment film preliminary layer 
15 is softened. 

After that, a single domain stamping die 33 on which a 
plurality of irregularities repeatedly formed along the 
direction different from that in the single domain stamping 
die 18 used in the first stamping process is pressed on the 

alignment film preliminary layer 15, to stamping the 
irregularities of the single domain stamping die 33 on the 

alignment film preliminary layer 15 (second stamping 
process ) . 

The single domain stamping die 33 used in the second 
stamping process may be different from, or the same as the 
single domain stamping die 18. In the case where the single 
domain stamping die 18 is used as the single domain stamping 
die 33, it is changed in the direction relative to the 
stamping base die 34, for example, the stamping base die 34 
or the single domain die 18 is changed by 90 or 

180* and is pressed for stamping. 

By adjustment of the domain on which ultraviolet rays 
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emitted or the number of stamping by means of the single 
domain stamping die, an alignment film preliminary layer 
formed with irregularities having three or more kinds of 
directions or tilting angles, can be manufactured . 

The whole alignment film preliminary layer 15 is 
then hardened by emission of ultraviolet rays on the whole 
alignment film preliminary layer 15, to thus form the 
alignment film having irregularities extending in the two 
directions are formed on the substrate 14, as shown in Fig. 
HE. 

Moreover, in the stamping apparatus for stamping 
an irregular pattern according to the present 
invention , a thin die member is mounted on a press base body 
by way of an elastic member. With this stamping apparatus - 
in the case where an irregular pattern is stamped by 
pressing the die member on an alignment film preli m i nar y 
layer, even when the alignment film preliminary layer is 
tilted somewhat relative to the press base body, the elastic 
member ca be deformed in accordance with the tilting of the 

alignment film preliminary layer, with a result that the 
irregular pattern of the die member can be positively pressed 
on the whole surface of the alignment film preliminary 
layer. 

in the case of using the die member having a thickness 
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of from 0.001 to 0.2 mm, even when the alignment film 
preliminary layer has slight waviness, irregularities or 
tilting due to the fine waviness, irregularities or tilting 
of the substrate, the elastic member and die member are 
positively deformed in accordance with the waviness, 

or tilting, and thereby the irregular pattern 
of the die member can be positively pressed on the whole 
surface of the alignment film preliminary layer. Namely, 
by the use of the die member having a thickness of 0.2 mm or 
less, the elastic member and the die member can sufficiently 
follow the waviness, irregularities or tilting of the 
substrate or alignment film preliminary layer. In 
addition, if the elastic member has a thickness of 0.001 mm 
or more, it never causes any problem such as breakage in 
handling. 

By provision of a coating layer made of gold or copper 
on the surface of the die member, the alignment film 
preliminary layer can be prevented from being stuck on the 
die member when an irregular pattern is stamped on the 
alignment film preliminary layer and then the die member is 
removed from the alignment film preliminary layer. 

The press base body may be formed in a flat plate or 
roller-like shape. In the case of the flat plate-like press 
base body mounted with an elastic member and an die member, 
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an irregular pattern can be stamped only by one pressing 
operation. On the other hand, in the case of roller-like 
base body, an irregular pattern can be stamped by 
pressing the base body while rolling it along an 
alignment film preliminary layer on the substrate. 

The present invention will be more clearly understood 
by way of the following examples. However, it is noted that 
the present invention is not limited thereto. 

Example 1 

In this example, the present invention is applied to a 
twisted nematic liquid crystal element. 

A rectangular glass substrate for a liquid crystal 
element, on the surface of which an electrode was formed, waj 
prepared, on the surface of the substrate, a solution of r* 
butyllactam containing 5 wt% of polyether sulfan (trademark 
name: PES, produced by Mitsui Toatsu) was printed to a 
thickness of 0.1 Mm by screen, printing, to form a solution 
layer. At this time, to form the solution layer, a printing 
squeegee was moved along the longitudinal direction of the 
glass substrate at a speed of about 20 cm/ sec. 

The substrate formed with the solution layer was pre- 
baked for 30 seconds at 30* C, and further baked for one hour 
at 180" C, to dry the solution layer, thus forming an 
alignment film preliminary layer. Alternatively, the 



solution may be printed on the glass substrate which has been 
preliminarily heated at 80* C. 

A columnar stamping die made of epoxy resin, on the 
surface of which an irregular pattern was formed as shown in 
Pig. 3, was set on the alignment film preliminary layer. In 
such a state, the alignment film preliminary layer was 
heated at 240* c and held for 5 minutes at 240* C, and then the 
stamping die was pressed on the alignment film preliminary 
layer at a pressure of 50 kg/cm 2 and simultaneously rolled at 
a moving speed of 15 



in* to stamping the irregular 
pattern of the stamping die on the alignment film 
preliminary layer. 

An irregular pattern shown in Fig. 4 was thus 
stamped on the surface of the alignment film. In the 



having an approximately triangular shape were repeatedly 
formed along the moving direction of the printing 
that is, along the longitudinal direction of the glass 
substrate. The height of the projecting portion was 0.2 urn} 
the length of the tilting surface was 2 Mm; and the interval 
between the projecting portions arranged in the right and 
left was 0.3 Mm. In this example, the uniform alignment 
domain had a size of 30X30 Mm. 

Two pieces of the substrates, each being formed with 
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such an alignment film, were superimposed in such a manner 
as to be separated from each other at a specified interval by 
way of a spacer, and TN liquid crystal (trademark name: K-15, 
produced by CHISSO CORPORATION) was sealed therebetween, to 
prepare a liquid crystal cell. 

The visual field angle of the liquid crystal element 
thus obtained was about 40* in the transverse direction, and 
about 40* in the vertical direction. 

On the contrary, the visual field angle of the liquid 
crystal element having the same structure except that the 
uniform alignment domain was not provided, was about 30* in 
the transverse direction, about 10* in the upward direction, 
and about 20* in the downward direction. 

In the previous process, the moving direction of the 
printing squeegee is desirable to be substantially the same 
as the arrangement direction of nearly triangular projecting 
portions; however, the moving direction of the printing 
squeegee is not necessarily taken as the longitudinal 
direction of the substrate, but it may be taken as the 
transverse or tilting direction. 

Example 2 

The solution used in Example 1 was replaced with a 
solution containing 2 wt% polyvinyl alcohol (trademark name: 
NM-14, produced by The Nippon Synthetic Chemical Industry 
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Co., Ltd.) using pure water as a solvent. The solution 
applied on a substrate by spin-coating. Subsequently, the 
substrate formed with the solution layer was preliminarily 
heated for one minute at 50*C and further heated for one hour 
at 120* C, to dry the solution, thus preparing an aliqnment 
film preliminary layer having a thickness similar to that in 
Example 1. 

The substrate and a roller type stamping die shown in 
Fig. 2 were heated at 180* C and 100* C, respectively, and the 
stamping die was pressed on the alignment film preliminary 
layer, and simultaneously rolled, to stamp an irregular 
pattern formed on the surface of the stamping die onto the 
alignment film preliminary layer, thus manufacturing an 
alignment film, two pieces of the substrates thus obtained 
were superimposed in the same manner as in Example 1, to 
manufacture a liquid crystal cell having a visual field angle 
si m ilar to that in Example 1. 



A solution of l,l,l,3,3,3-hexafluoro-2-propanol 
containing 5% of high molecular liquid crystal (produced by 
Asahi Denka Kogyo) was applied onto a rectangular glass 
substrate similar to that used in Example 1, to form an 

alignment film preliminary layer. The alignment film 
preliminary layer was preliminarily dried for 30 seconds at 
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80* C, and further dried for one hour at 180* c. 

A roller type stamping die heated at 230* C was pressed 
on the alignment film preliminary layer and simultaneously 
rolled along the longitudinal direction of the substrate, to 
stamp an irregular pattern of the stamping die onto the 
alignment film preliminary layer. The stamping die was 
formed by a method wherein a fluoro-rubber (trademark 
Bytone, produced by SUMITOMO 3M LIMITED) having a thickness 
of 3 mm was wound by hand around the surface of a stainless 
steel made cylindrical core material having a diameter of 300 
mm. The width of the roller portion of the stamping die was 
formed to be wider than the width of the substrate. The 
peripheral speed of the stamping die was 1 mm/sec, and the 
pressing force of the stamping die onto the substrate was 5 
kg/cm 2 . 

in the glass substrate having the alignment film thus 
formed, a refractive factor nA relative to polarization in 
the longitudinal direction was different from a refractive 
factor nB relative to polarization in the transverse 
direction. The refractive factor nA was maximized in the 
plane and the refractive factor nB perpendicular to the 
refractive factor nA was minimized. A difference 
therebetween An was 2.86X10 . 

The anisotropy of the refractive factor means that the 
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main chains of the molecules forming the alignment 
formed on the surface of the glass substrate directs 
longitudinal direction of the glass substrate. 



A stamping die, used for forming an alignment film 
having a plurality of domains each of which has a specified 
alignment,, was manufactured. 



First, polyvinyl 
ultraviolet ray hardening 



cinnamate as a thermoplastic 



resin was flatly applied onto a 



substrate of a stamping base die, to form a. stamping film. 
The stamping base die was heated at 130*0, to soften the 
stamping film. The thickness of the stamping film was 200 nm 
(100 nm, even at the thinnest portion). 



A single domain stamping die, in which a 



of 



irregularities were repeatedly formed on the surface along an 
optional direction, was pressed on the softened stamping film 
for 5 minutes at a pressure of 100 kg/cm 2 , to stamp the 
irregularities of the single domain stamping die on the 
stamping film. 

Next, a mask shown in Fig. 12 in which the pitch of 
opening portions was specified at 50 Mm for dividing one 
pixel into two parts was set on the stamping film, and 
ultraviolet rays of 100 mw/cm 2 was emitted onto the stamping 
film through the mask for 5 minutes using an ultraviolet ray 
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lamp having a power of 4.5 kW and a wavelength of 375 nm, to 
harden only a portion, corresponding to the op enin g portions 
of the mask, of the stamping film. 

The mask was formed of a substrate made of quartz glass 
having a thickness of 3 mm on which shielding portions made 
of a Cr film having a thickness of 140 nm were formed. 

The stamping film was heated again to soften a portion 
of the stamping film not emitted with ultraviolet rays, and 
the above-described single domain stamping die was rotated by 
180* and pressed on the stamping film. Ultraviolet rays were 
then emitted over the stamping film to harden the whole 
stamping film. Subsequently, the stamping base die was 
pressed on a flat stamping die, to stamp the surface shape 
of the stamping base die onto the flat stamping die, thus 
manufacturing the stamping die for forming an alignment 
film for a liquid crystal element. 

Differently from the above-described method of 
manufacturing a stamping die for forming an alignment film 
from the stamping base die prepared using a single domain 
stamping die, a stamping die for forming an alignment film 
can be directly manufactured from a single domain stamping 
die without a stamping base die. 

Example 5 

An alignment film having a plurality of domains each 
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of which has a specified alignment was manufactured. 

First, polyvinyl cinnamate as a thermoplastic 
ultraviolet ray hardening resin was flatly applied onto a 
substrate, to form an alignment film preliminary film. The 
alignment film preliminary layer was heated at 130* c, to 
soften the alignment film preliminary film. The thickness 
of the stamping film was 200 nm (100 nm, even at the thinnest 
portion ) . 

A single domain stamping die, in which a plurality of 
irregularities were repeatedly formed on the surface along an 
optional direction, was pressed on the softened alignment 

preliminary layer for 5 minutes at a pressure of 100 
kg/cm 2 , to stamp the irregularities of the single domain 
stamping die on the alignment film preliminary layer. 

A mask shown in Pig. 12 in which the pitch of opening 
portions was specified at 50 ftm for dividing one pixel into 
two parts was set on the alignment film preliminary layer, 
and ultraviolet rays of 100 mw/cm 2 was emitted onto the 

alignment film preliminary layer through the mask for 5 
minutes using an ultraviolet ray lamp having a power of 4.5 
kW and a wavelength of 375 nm, to harden only a portion, 
corresponding to the opening portions of the mask, of the 
alignment film preliminary layer. 

The mask was formed of a substrate made of quartz glass 
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having a thickness of 3 mm on which shielding portions made 
of a Cr film having a thickness of 140 nm were formed. 

The alignment film preliminary layer was heated again 
to soften a portion of the alignment film pre limin ary 
layer not emitted with ultraviolet rays, and the above- 
described single domain stamping die was rotated by 180* and 
pressed on the alignment film pre limin ary layer. After 
that, ultraviolet rays were emitted over the alignment 
film preliminary layer to harden the whole alignment film 
preliminary layer, thus forming the alignment film for a 
liquid crystal element. 

Example 6 

Fig. 17 shows an example of a stamping apparatus of the 
present invention. A stamping apparatus 110 includes a press 
substrate 111, a sheet-like elastic member 112 mounted on the 
lower surface of the press substrate 111, and a sheet-like 
die member 113 mounted on the .lower surf ace of the elastic 
member 112. 

The press substrate 111 is made of a metal material 
having a high rigidity, and the lower surface thereof is 
accurately ground by a grinding means. The surface roughness 
of the press substrate 111 is preferably adjusted at, for 

example, about ±10 Mm. 

The elastic member 112 is formed of a resin layer 
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having a thickness of from 0.8 to several mm. The resin 
layer is preferably made of silicon robber. 

The die member 113 is made of nickel, gold or copper, 
and has a thickness preferably in the range of from 0.01 to 



0.2 mm. in the die member 113, an irregular pattern i 



formed on the surface of the flat base body. The portion of 
irregular pattern on the surface of the die member 113 i 
with a film layer made of gold, gold alloy, copper oi 
copper alloy. The film layer is formed on the irregular 
to a thickness of from 0.1 to 0.5 Mm by vapor 
or sputtering. 
In Fig. 17, reference numeral 115 
transparent substrate made of glass; and 116 is an 

alignment film preliminary layer made or aromatic polyamide 
covering the substrate 115. in the drawing, the 
the substrate lis is emphasized; however, the 
irregularities of the substrate 115 are specified to be in 
the order of Mm or less. 

The irregular pattern is stamped on the alignment 
preliminary layer 116 in the following procedure. The 
member 113 of the stamping apparatus 110 is set on the 
alignment film preliminary layer 116 and is pressed thereon 
as shown in Fig. 18. 

In this case, even when the waviness or irregularities 
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are generated somewhat on -the substrate 115, they can be 
absorbed by the deformation of the die member 113 and the 
elastic member 112 as shown in Fig. 18. This is because the 
die member 113 is thin and excellent in flexibility , and the 
elastic member 112 can be elastically deformed. As a 
consequence, the die member 113 can be positively pressed on 
the alignment film preliminary layer 116. At this time, 
the pressing ten$>erature is preferably in the range of from 
100 to 200* C and the pressing force is preferably in the 
range of from 50 to 100 kg/cm 2 . 

The irregular pattern corresponding to that of the die 
member 113 is stamped on the alignment film preliminary 
layer 116. The alignment film preliminary layer 116 is 
thus taken as an alignment film. 

After the stamping of the irregular pattern, the die 
member 113 is separated from the alignment film. At this 
time, since the covering layer, made of gold, gold alloy, 
copper or copper alloy is present on the surface of the die 
member 113, part of the alignment film is difficult to be 
stuck on the die member 113, and to be peeled to the die 
member 113 side. The irregular pattern can be thus 
positively stamped. Namely, the alignment film 
preliminary layer 116 is difficult to be stuck on the 
covering layer made of gold or copper formed on the surface 

- 65 - 





of the die member 113 due to a difference in the surface 



constituting the 
alignment film preliminary layer 116 and gold or copper. 
Thus, it is possible to manufacture an alignment film 

stamped with the irregular pattern without harming part 
of the alignment film preliminary layer. 

As described above, gold or copper is difficult to be 
stuck on the alignment film preliminary layer 116 on the 
basis of a difference in the surface energy between the 
alignment film preliminary layer and gold or copper, and 
effect can be obtained when gold or copper is 
replaced with a gold alloy or copper alloy added with another 
element such as nickel. 



Figs . 19 and 20 show another stamping apparatus of the 
present invention, a transfer apparatus 120 includes a 
roller (press base body) 121, a flat elastic body 122 
provided separately from the roller 121, and a die member 123 
integrated with the lower surface of the elastic member 122. 
The elastic member 122 has the same structure as that of the 
elastic member 112 of the previous example, and the die 
member 123 has the same structure as that of the die member 
113 in the previous example. 

In this example, as shown in Fig. 19, the die member 
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113 is placed on an alignment film preliminary layer 116 of 
the substrate 115, and in such a state, the roller 121 is 
pressed on the elastic member 122 and is simultaneously 
rolled from one side of the substrate 115 to the other side, 
with this operation, the irregular pattern of the die member 
123 is stamped on the alignment film preliminary layer 
116 while the elastic member 122 and the die member 123 are 
respectively deformed in accordance with the waviness and the 
irregularities of the substrate 115. 

in the case using the transfer apparatus 120, the same 
effect as in Example 6 can be obtained. 

8 



Figs. 21 and 22 show a further stamping apparatus of 
the present invention. A stamping apparatus 130 includes a 
roller (press base body) 131, a sheet-like elastic member 122 
stuck on the surface of the roller 131, and a die member 133 
stuck on the surface of the elastic member 132. The elastic 
member 132 has the same structure as that of the elastic 
member 112 in the previous example, and the die member 133 
has the same structure as that of the die member 113 in the 

previous example. 

in this apparatus, as shown in Fig. 22, the roller 131 
is placed on an alignment film preliminary layer 116 of the 
substrate 115, and in such a state, the elastic member 132 on 
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the surface of the roller is pressed on the alignment film 
preliminary layer 116 at a specified pressure, and is 
simultaneously rolled from one side of the substrate 115 to 
the other side, with this operation, the irregular pattern 
of the die member 133 is stamped onto the alignment 
film preliminary layer 116 while the elastic member 132 and 
the die member 133 are respectively deformed in accordance 
with the camber and irregularities of the substrate 115. 

In the case of using the stamping apparatus 130, the 
same effect as in Example 6 can be 



Fig. 23 shows one example of an alignment film having 
the irregular pattern formed using each of the stamping 
apparatuses in Examples 6, 7 and 8. The alignment film 140 
has an irregular pattern desirable to specify a pretilt angle 
of liquid crvstal. 



The irregular pattern in this example is formed of the 
collection of a number of triangular projecting portions 141 
along the first and second directions shown by the arrows in 
the figure. A pitch Pi of the irregularities along the first 
direction is set to be shorter than a pitch P2 of the 
irregularities along the second direction. For example, the 
pitch p x is 3.0 tfuor less, and the pitch P 2 is 50 p.m or 
less. The height (depth) d 2 of the projecting portion 141 
is, for example 0.5 Mm or less. 
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Test Example 1 
A stamping apparatus used in this test example has a 
structure shown in Fig. 17, that is, it is integrally 

with a flat substrate made of tool steel (specified 
by JIS SK4) f a sheet-like elastic member made of silicon 
rubber having a thickness of 0.8 mm, and a die member made of 
nickel. An irregular pattern stamping test was carried out 



using this stamping apparatus . 
stamped on an alignment film preliminary layer made of 
aromatic polyamide having a thickness of 0.2 urn. formed on a 



The stamping 



glass substrate having a thickness of 1.1 mm. 
pressure was 100 kg/cm 2 . The irregular pattern was as shown 

was 0.3 



in Fig. 23, wherein the pitch in the first 
tim r the pitch in the second direction was 2 nm, and the 
height of the projecting portion was 0.2 Jim. 

Eight kinds of stamping apparatuses were experimentally 

A - _ 

manufactured using eight kinds, of die members having 
thicknesses of 3 mm, 1mm, 0.5 mm, 0.2 mm, 0.05 mm, 0.015 mm, 
0.005 mm and 0.001 mm. Using each of these stamping 
apparatuses, an irregular pattern stamping test was carried 
out. A gold evaporation film having a thickness of 0.1 Mm 
was formed on the surface having the irregular pattern. In 
addition, a die member having a thickness of 0.001 mm or less 
was intended to be manufactured; however, it could not be 
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manufactured because of being poor in strength. 

The alignment film thus obtained was subjected to an 
interference light measurement test, and to stamp ratio 
measurement test* The results are shown in Table 1. in the 
interference light measurement test, the presence or absence 
of the interference light generated when light is emitted 
onto the alignment film is visually observed. The results 
are shown in terms of the area. One example is typically 
shown in Fig. 24A. In Fig. 24A, the interference light is 
recognized in a domain A where stamping is performed; and the 
interference light is not recognized in a domain B where 

stamping is not performed. 

In the transfer ratio measurement test, the ratio of 

the depth of a groove of the recessed portion in the 

irregular pattern of a die member to the depth of a groove of 

the irregular pattern of the alignment pattern is measured 

as the stamping ratio. 

The depth of the groove is measured by a method wherein 

the average value in a plane as the depth of the groove is 

measured by AFM (Atomic Force Microscope). 



Table 1 



thickness of die 


domain of interference 


stamping ratio (%) 


member (mm) 


light (%) 




3 


< 30 


< 30 


1 


< 50 


< 50 


0.5 


< 50 


<50 


0.2 


< 100 


< 90 


0.05 


< 100 


< 90 


0.03 


< 100 


< 90 


0.015 


< 100 


<95 


0.005 


< 100 


<95 


0.001 


< 100 


<95 



As is apparent from Table 1, in the case of using a die 
member having a thickness of 0.2 mm, the interference light 
generating domain is nearly 100%, that is, the stamping is 
perfectly performed; and in this case, the stamping ratio is 
as high as about 90%. Moreover, in the case of using a die 
member having a thickness of 0.015 ram or less, the stamping 
ratio is 95%. 

Test Example 2 
Next, three kinds of standing dies, in each of which a 
die member had a thickness of 0.05 mm and the covering layer 
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formed on the surface of the die member was made of either of 
gold, copper or nickel , were experimentally manufactured. 
The stamping of an irregular pattern was performed using each 
of the die members, it was observed whether or not a 
separated alignment film preliminary layer was stuck on the 
surface of the die member. 

As a result, in the case of the nickel covering layer, 
as shown in Fig. 24B, a separation portion having a diameter 
of from 0.5 to 3 mm was stuck in a dotted manner, it was 
revealed that the sticking domain with the alignment 
was 30% or less. In addition, in the stamping apparatus 
using a die member formed with a gold covering layer or a 
copper covering layer, there was not recognized a phenomenon 
in which the alignment film preliminary layer was stuck on 
the die member. 
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1. A liquid crystal element comprising: 

a pair of substrates disposed so as to face to each 
other, and having respective alignment films on the facing 
surfaces thereof; and 

liquid crystal held 

wherein a surface shape of said alignment 
on at least one of said substrates is formed by pressing 



of a 



die, and 

said alignment film formed with the surface shape by 
pressing of the die has a plurality of uniform alignment 
HoTna ins which are different from each other in the emergent 
direction or emergent magnitude of a pretilt angle of liquid 
crystal within an effective display plane. 

2. A liquid crystal element according to claim 1, wherein 
said alignment film formed on one of said substrates 
having a plurality of said uniform alignment domains has 
two directional uniform alignment domains in which the 
emergent directions of the pretilt angle of liquid crystal 
are approximately parallel to each other, and said 

alignment film formed on the other of said substrates has a 
pretilt angle lower than said pretilt angle in one of said 



substrates . 



73 



3- A liquid crystal element according to claim 1 or 2, 
wherein the surface shape of said alignment film is formed 
by collection of a plurality of projecting portions having 
tilting surfaces , and said tilting surfaces of said 
projecting portions function as a means of adjusting the 
pretilt angle of liquid crystal. 

4. A liquid crystal element according to any of claims 1 
to 3, one uniform alignment domain having an emergent 
direction or emergent magnitude of a pretilt angle of liquid 
crystal is formed by the collection of first projecting 
portions having tilting surfaces extending at a tilting 
angle, and the other uniform alignment domain having an 
emergent direction or emergent magnitude of a pretilt angle 
different from that in said one uniform alignment domain is 
formed by collection of a plurality of second projecting 
portions having tilting surfaces extending at an angle 
different from that of said tilting surfaces of * said first 
projecting portions. 

5. A liquid crystal element according to any of claims 1 
to 4, wherein the surface shape of an alignment film is 
formed by collection of projecting portions having tilting 
surfaces, and the tilting angle of the tilting surfaces of 
said projecting portions formed on the surface of said 
alignment film is specified at 6* or more. 
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6. A method of manufacturing a liquid crystal element 
having liquid crystal held between a pair of substrates, said 
substrates being disposed so as to face to each other and 
having respective alignment films on the facing surfaces 

thereof; comprising: 

an alignment -film preliminary layer forming process 
of forming an alignment film preliminary layer on the 
surface of each of said substrates; and 

a shape imparting process of pressing a die capable of 
forming a plurality of uniform alignment domains different 
from each other in an emergent direction or emergent 
magnitude of a pretilt angle of liquid crystal within an 
effective display plane on the surface of said substrate, on 
the surface of at least one of said alignment film 
preliminary layer. 

7. A method of manufacturing a liquid crystal element 
having liquid crystal held between a pair of substrates, said 
substrates being disposed so as to face to each other and 
having respective alignment films on the facing surfaces 

thereof; comprising: 

an alignment film preliminary layer forming process 

of forming an alignment film preliminary layer on the 
surface of each of said substrates; and 

a first shape imparting process of pressing a die 
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capable of forming uniform alignment domains nearly equal 
to each other in an emergent direction or emergent magnitude 
of a pretilt angle of liquid crystal within an effective 
display plane on the surface of said substrate, on the 
surface of at least one of said alignment film preliminary 
layer; and 

a second shape imparting process of pressing a die 
capable of forming uniform alignment domains different in 
the emergent direction of the pretilt angle from those 
obtained in said first shape forming process, on the surface 
of said alignment film preliminary layer. 
8. A method of manufacturing a liquid crystal element 
according to claim 6 or 7, which further comprises a shape 
imparting process of pressing said die on one of said 
alignment film preliminary layers, and a process of 



on the surface with an elastic body on the other of said 
alignment film preliminary layers. 

9. A method of manufacturing a liquid crystal element 
according to any of claims 6 to 8, wherein said uniform 
alignment domains are formed using a stamping die in which 
a plurality of projecting portions having tilting surfaces 
are formed on the surface and the tilting angle of said 
tilting surfaces of said projecting portions is specified at 
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wherein the tilting direction of said tilting surfaces 
formed by said irregularities are specified for each of a 
plurality of divided domains formed on the surface of said 
stamping die. 



12 



A stamping die for forming an alignment film for a 



liquid crystal element according to claim 11 , wherein the 
tilting angle of said tilting surfaces of said projecting 



portions formed on the surface of 



stamping die is 



at 6 or 



13 



A stamping die for forming an alignment 



for a 



liquid crystal element according to claim 11 or 12 , wherein 
said divided domain of said stamping die is equivalent to one 
of said projecting portions formed on said stamping die. 
14. A method of manufacturing a stamping die for forming an 
alignment film for a liquid crystal element comprising: 

a first heating process jot heating ^ stamping film made 
of a thermoplastic ultraviolet ray hardening resin formed on 



a first stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along an optional 
direction, on said stamping film; 

a ultraviolet ray emitting process of disposing a mask 
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6* or more. 



10. A method of manufacturing a liquid crystal element 
according to any of claims 6 to 9, wherein said shape 
imparting process is carried out using a die on the surface 
of which a plurality of first portions each forming one 
uniform alignment domain and a plurality of second portions 
each forming the other uniform alignment domain are formed, 
said first portion being constituted of collection of a 
plurality of projecting portions with tilting surfaces having 
the same tilting direction and the same tilting angle, and 
said second portion being constituted of a plurality of 
projecting portions with tilting surfaces having a tilting 
direction . and a tilting angle different from said tilting 
direction and said tilting angle of said first portion. 
11. A stamping die for forming an alignment film for a 
liquid crystal element, which is pressed on the surface of a 
resin made alignment film preliminary layer formed on a 
substrate for a liquid crystal element for forming a 
plurality of projecting portions on the surface of said 
alignment film preliminary layer, comprising: 

irregularities repeatedly formed on the surface of said 
stamping- die along a first direction; and 

irregularities repeatedly formed on the surface of said 
stamping die along a second direction crossing said first 
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formed with opening portions at suitable intervals, and 
emitting ultraviolet rays to said stamping film through said 



mask; 

a second heating process of heating said stamping film 
after said ultraviolet ray emitting process; 

a second stamping process of pressing, a single domai n 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along a direction 
different from said optional direction in said first stamping 
process, on said stamping film; and 

a process of pressing said stamping die on said 



stamping film after said second 



stamping 



the surface shape 



stamping process, thereby 
of said stamping film on said 



for a liquid 



stamping 

15. A method of forming an alignment 
crystal element, comprising: 

a first heating process .of heating an alignment 
preliminary layer made of a thermoplastic ultraviolet ray 
hardening resin formed on a substrate; 

a first stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along an optional 
direction, on said alignment film preliminary layer; 

a ultraviolet ray emitting process of disposing a mask 



formed with opening portions at suitable intervals, and 
emitting ultraviolet rays to said alignment film 
preliminary layer through said mask; 

a second heating process of heating said alignment 
film preliminary layer after said ultraviolet ray emitting 
process; and 

a second stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along a direction 
different from said optional direction in said first stamping 
process, on said alignment film preliminary layer. 
16 ♦ A method of manufacturing a stamping die for forming an 
alignment film for a liquid crystal element, comprising: 

a first heating process of heating a stamping film made 
of a the rmo plastic ultraviolet ray hardening resin formed on 
a substrate; 

a first stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along an optional 
direction, on said stamping film? 

a ultraviolet ray emitting process of disposing a mask 
formed with opening portions at suitable intervals, and 
emitting ultraviolet rays to said stamping film through said 
mask; 



a second heating process of heating said stamping film 
after said ultraviolet ray emitting process; and 

a second stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along a direction 
different from said optional direction in said first stamping 



process, on said 



film. 



17. A method of manufacturing a stamping di e for forming 
alignment film for a liquid crystal element, comprising: 
a first heating process of heating a stamping film 
of a thermoplastic ultraviolet ray hardening resin formed on 



a first stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
irregularities are repeatedly formed along an optional 
direction, on said stamping film; 

* 

a ultraviolet ray emitting process of disposing a mask 
formed with opening portions at suitable intervals, and 
emitting ultraviolet rays to said stamping film through said 
mask; 

a second heating process of heating said stamping film 
after said ultraviolet ray emitting process; and 

a second stamping process of pressing, a single domain 
stamping die on the surface of which a plurality of 
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Irregularities are repeatedly formed along a direction 
different from said optional direction in said first stamping 
process, on said stamping film; 

wherein the surface shape is formed on said stamping 
die by electro-casting using said stamping film after said 
stamping process as an original template • 
18. A stamping apparatus used for pressing a die member 
having an irregular pattern on an alignment film 
prel imin ary layer on a substrate thereby stamping the 
irregular pattern on the upper surface of said alignment 
film preliminary layer, comprising: 

a press base body made of a rigid body; 

an elastic member disposed so as to face to said press 
base body; and 

a sheet- like die member provided on the side not facing 
to said press base body of said elastic member. 

19. A stamping apparatus according to claim 18, wherein 
said elastic member is mounted on the surface of said press 
base body, and said die member is mounted on the surface of 
said elastic member. 

20. a stamping apparatus for forming an irregular pattern 
on an alignment film according to claim 18 or 19, wherein 
said press base body is formed in a flat shape. 

21. a stamping apparatus for forming an irregular pattern 
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on an alignment film according to 18 or 19, wherein said 
press base body is formed in a roller shape. 

22. A stamping apparatus according to any of claims 18 to 

21, wherein said die member is formed to a thickness in the 
range of from 0.001 mm to 0.2 mm. 

23. A stamping apparatus according to any of claims 18 to 

22, wherein a coating layer made of gold, gold alloy, copper 
or copper alloy is formed on the surface of said die member. 



24. A liquid crystal element substantially as 
hereinbefore described with reference to, and as 
illustrated by, the accompanying drawings. 

25. A method of manufacturing a liquid crystal 
5 element substantially as hereinbefore described with 

reference to, and as illustrated by, the accompanying 
drawings * 

26. A stamping die substantially as hereinbefore 
described with reference to, and as illustrated by, the 

10 accompanying drawings. 

27. A method of manufacturing a stamping die 
substantially as hereinbefore described with reference to, 
and as illustrated by, the accompanying drawings, 

28. A method of forming an alignment film for a 
15 liquid crystal element substantially as hereinbefore 

described with reference to, and as illustrated by, the 
accompanying drawings. 

29. A stamping apparatus for forming a pattern on an 
alignment film substantially as hereinbefore described 

20 with reference to, and as illustrated by, the accompanying 
drawings. 
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Abstract— This paper discusses two types of mechanically billable 
liquid-crystal display structures, a previously reported type [2], 
[31 called verticsl-horaontiJ, and a second type, called horizontal- 
horizon taL in both of them, the director configuration it planar. They 
are distinguished by the orientation of the director plane, which is per- 
pendicular to the major surfaces of die denriee ia the type csJIed vertical 
horizontal, and parallel in die type called horizontal-horizon taL in 
both types, the bistable states may be differentiated optically by use 
of a polarizer and dkhtote dye, and switching is accomplished elec- 
trically by exploiting the dielectric aids p jropy of the ordered Squid 
crystal states. We show calculations of the director configurations, 
their energy, and optical contrast of the bistable states. 

The bistable states are topologicaily distinct, so that the switching 
transitions are necessarily discontinuous m c harac t e r . Hie mo v emen t 
of d iscfm a t iona governs tfie switching process, and their detachment 
forms the basb of stability. 



Manuscript received February 20, 1980; revised May 27, 1980. 
The authors are with Bell Laboratories, Holradel, NJ 07733. 



I. Introduction 

MECHANICALLY BISTABLE liquid-crystal structures 
are potentially useful as elements in displays. Although 
conventional liquid-crystal twist cells [1] have found impor- 
tant applications, they lack the desirable feature of power-off 
memory that mechanical Instability can provide. A mechani- 
cally bistable structure is one in which the liquid-crystal 
director can assume either of two different ordered stable con* 
figurations of equal or nearly equal energy. Displays based on 
mechanical bistability have been disclosed by Boyd, Cheng, 
and Ngo [21, [3] and by Berreman and Heffner [4]. 

A toggle switch is an example of a mechanical system that is 
bistable. Hie switch stays in either position without having to 
be held. Both equilibrium configurations are stable, since an 
energy barrier must be overcome to pass from one to the 
other. 
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Fig. 1. Biitability on a tingle surface in a liquid crystal of infinite ex- 
tent. In both (a) and (t>) the boundary conditions are identical: the 
left half of the surface has parallel alignment and the right half per- 
pendicular alignment. The two solutions of the form B « Sfi ♦ 8 0 
have the same energy, but the tilt along a line drawn vertically up- 
ward through the disinclination is 45° in (a) and -45° in (b). 0 «* polar 
coordinate, 6 8 director angle, both measured clockwise from the 
vertical. 




DARK BRIGHT 



Fig. 2. 6 versus t and director lines for a single-tilt bistable structure. 
The boundary conditions at z « 4/2 are physically identical in the two 
cases. Such tilt boundary conditions can be realized by evaporation 
at an angle, (a) e(z) «* -wz/2d ♦ */2- (b) B{z) * +wz/2rf. (c) Domains 
like (a) and (b) separated by a disinclination of strength S ■» -1/2. 
With positive dielectric anisotropy, a vertical field in (c) would cause 
growth of the predominantly vertical domain through leftward mo- 
tion of the disclination. With a pieochroic dye dissolved in the liquid 
crystal, vertically transmitted light that is horizontally polarized in 
the plane of the figure is strongly absorbed in the "horizontal" do- 
main to the left of the disclination but not in the "vertical" domain 
to the right. 



of structures* is accomplished electrically by using liquid 
crystals having a large positive dielectric anisotropy, whose 
molecules are thus constrained to lie parallel to the local field 
direction. Switching of these bistable structures requires the 
motion of disclinattons, whereas a different type of elastic 
bistability described by Berreman and Heffner [4] does not. 

0. Structures with Vertical-Horizontal 

Bistability 

A. Uniform Tilt on Upper and Lower Surfaces 
(Single-Tilt Geometry) 

Fig. 2 shows a liquid-crystal structure in which boundary 
conditions prescribing roughly 45° tilt on the upper and lower 
surfaces of the liquid-crystal cell were created in some manner 
such as by oblique evaporation [21]. The liquid crystal will 
remain in either the horizontal state of Fig. 2(a) or the vertical 
state of Fig. 2(b). When the tilt angle is 45^, the horizontal 
and vertical states can be shown to have equal configuration 
energies if the bend and splay elastic constants are equal. Fig. 
2(c) illustrates an essential feature of the switching between 
the configurations of (a) and (b). Hie boundary between the 
two domains contains a disclination of strength S = Be- 
cause of the dielectric or magnetic anisotropy of the ordered 
liquid-crystal states, an applied field can favor one ^domain 
over the other* and cause one domain to grow at the expense 
of the other through motion of the disclination. 

The two states illustrated in Fig. 2(c) can be distinguished 
by dissolving a pieochroic dye in the liquid crystal [24] , [25 ] . 
Vertically transmitted light that is horizontally polarized in 
the plane of the figure will then be strongly absorbed*to the 
left of the disclination but not to the right of it. 

Wh» the director angle depends on only a single rectangular 
coordinate, as in Fig. 2(a) or (b), the solution of Laplace's 
equation is simply 

*(z) = m(z-z 0 ). (1) 

The director lines for such a one-dimensional situation, ob- 
tained by integration of the equation 

f-tanfi (2) 

are given by 

x =x 0 + ^ In |sec [w(r - * 0 )]|. (3) 

Fig. 3 is a plot of this equation, which is a "universal" director 
line for a one -dimensional variation of tilt. The director lines 
for Fig. 2(a) lie between the ordinate values 1 and 3 on Fig. 3, 
and for Fig. 2(b) between 3 and 5. Director lines for other 
values of tilt on the upper and lower surfaces may be obtained 
by choosing an appropriate segment of the curve in Fig. 3. 
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Fig. 6. Photograph showing contrast between horizontal and vertical 
domains under illumination by light horizontally polarized in the 
plane of the paper. The horizontal domain appears dark and the 
vertical domain bright because of the differential absorption provided 
by the pleochroic dye. (a) Optical contrast of double-tilt device* 
showing the blue horizontal and white vertical states, (b) Relative 
optical transmission (at X550 run) of the horizontal and vertical states 
and their electrical switching using interdigital electrodes. This illus- 
trates contrast and memory in a cell consisting of an E8/DS mixture 
(materials from EM Laboratories), with s * d s 50 i*m. (d = cell 
depth;* = spacing of A and B junctions in Fig. 4.) 



Optical contrast between the vertical and horizontal states is 
achieved by mixing a pleochroic dye with the liquid crystal, as 
discussed in connection with Ftg. 2. Vertically transmitted 
light that is horizontally polarized in the plane of the figure is 
then strongly absorbed by the horizontal state (which appears 
dark) but not by the vertical state. 

Fig. 6 is a photograph illustrating the contrast between ver- 
tical and horizontal states. 

DI. Optical Transmission Calculations 

We wish to calculate the relative brightness of the vertical 
and horizontal states, and its dependence on the absorption 
coefficient and tilt angle at the upper and lower surfaces. 

Light transmission through a liquid crystal that contains a 
pleochroic dye is described by the classical theory of electro- 
magnetic propagation in a lossy, anisotropic medium [27, sec. 
14.6, pp. 708*718). In the present application, a polarizer 
blocks the ordinary ray, leaving only the extraordinary ray, 
whose propagation velocity and attenuation (in a homoge- 
neous uniaxial crystal) are described by the equation (27, eq. 
14.6(20), p. 711] 



n 1 



cos' 



»7 



0 sin*fl 

27 



n 



where 6 is the angle between the propagation direction and the 



optic axis defined by the liquid -crystal director, n is the com- 
plex index of refraction, and n 0 and n e its ordinary and extra- 
ordinary complex values. With 



ft - n + iqc/cj 



(5) 



the complex exponential representation of the space-time de- 
pendence of a wave propagating in the z direction is 



exp 



[' w (f -')] =ex p[ 



-q: + i<jj 



(?-)] 



(6) 



which shows that a is the attenuation factor. The separation 
of real and imaginary parts in (4) yields two equations which 
can be solved simultaneously for n and ac/cj in terms of 0 
and the real and imaginary parts of n c = n Q + ia L c/a> and 
n e = n € + /a a c/to. 

While the angle dependence of the loss that results from the 
exact equation (4) is easily programmed for computer calcu- 
lations, we use a simpler model to see the essentials. The 
physical property responsible for the optical contrast between 
vertical and horizontal states is not the dielectric anisotropy, 
of course, but the absorption anisotropy. If for simplicity we 
assume n =n a = n e9 and in addition assume that the attenua- 
tion per radian of phase shift is small compared with unity 
(aX/2jr« 1) so that powers of (ac/con) higher than the first 
can be neglected, then (4) yields 



a-a L cos 2 6 + ct» sin 1 0. 



<7) 



Since a typical liquid -crystal cell is several tens of wavelengths 
thick, we can obtain reasonable results by assuming that the 
wave in each infinitesimal layer of thickness dz is the same as 
in a homogeneous medium in which the optic axis has the 
constant direction given by the local director angle 0(x, z). 
For a wave propagating in the z direction, the differential 
equation for the decay of a field amplitude such as E is 



dE 



- -adz 



(8) 



from which the decay of amplitude in a cell of thickness d is 
exp (-Qorjjtf) where 



adz. 



(9) 



The transmitted intensity, relative to T = 1 for perfect trans- 
mission, is then 



r = exp(-2G<*o<0. 



(10) 



In the one-dimensional situations pictured in Fig. 2(a) or (b) 
6 is linear in z, and if 0 O denotes the magnitude of the tilt 
angle with respect to the normal at the upper and lower sur- 
faces where z = ±<//2, 0(z) * s given by 



B v (z) = ±2e 0 zld 



01) 



(4) in the vertical state and 



(12) 
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in the horizontal state. With 6 0 between 0 and rr/2, the upper 
and lower signs describe leftward-tilting and rightward-tflting 
boundaries, respectively. For vertical propagation, the direc- 
tor angle measured from the light propagation direction is the 
same as the angle measured from the z axis, and the 6 of (4) 
and (7) is the same as the 6 of (1 1) and (12). From (7), (9), 
(11), and (12), the parameter Q for the vertical and horizontal 
states is 



2a, 
o n - at 



1 (. sin 20 o \ 
L ( sinf>- 2g 0 ) \ 



(13) 



(14) 



The transmitted intensities through the horizontal and vertical 
states T H and T v are given by (10) with Q - Q„ and 0„ 
respectively. vv ' 

Two reference values of T of interest are T t for the director 

the director everywhere 
vertical. The first case has a s a u so that 

Q<l S QH\e 9 .n,2 = l 

T » s 7/#U 0 -»/a =exp(-2o 8 </). ( 15 j 
The second case has a s ftl so that 

Qi -OkIs.-it/j =<>i/aro 

7*i = 7Vlff 4 -«/, = exp (-20^/). ( 16 ) 

Fig. 7 shows r„, r w . r K , and T w /r K versus with*. = 0 
and the boundary tilt angle 0 0 = 45°. Fig. 8 shows T„, T v , 
and T H IT V versus fl 0 , still for a x = 0, and for the particular 
value = 1.8, which is the value that provides a contrast 
ratio T V IT„ of 10 when 6 0 = 45°. It can be seen that the 
contrast ratio varies slowly with 6\>, and is best at 45°. 

IV. Horizontal-Horizontal Instability 
A. Motivation and Description 

We now consider displays that use horizontal-horizontal 
Oistability, in which the director lies in a plane parallel to the 
major surfaces of the cell. Contrast is obtained by making the 
director either parallel or perpendicular to the polarization of 
the incident light. 

Horizontal-horizontal oistability has several appealing fea- 
tures. From the viewpoint of fabrication, complex surface 
topography can be simply and accurately implemented with 
modern photolithography, whereas it is not always possible 
to produce an arbitrary surface topography reliably by oblique 
film deposition. Obliquely deposited films do not always re- 
tarn their integrity through successive fabrication steps. In 
addition, it is easier to define the pinning sites and boundary 
conditions in horizontal-horizontal configurations. 

Balanced against these possible advantages is the fact that 
strong interfacial interactions at the liquid crystal-substrate 
interface may prevent switching. The larger question regard- 
ing the nature of these interactions and how they can be mini- 
mized is a fertile field of investigation at present poorly under- 




0.02 - 



^ !• P anB "«« ion ver » u * <*B<* for boundary tilt « 0 - 45'. From too 

.!» TdJV'J) twnnnuiion in the horizontal state Tu 
and 4) the transnuwon through a homogeneously oriented horizontal* 




F * 8 " ? - Transmission verms boundary tilt 9 n for and = 1 & r„_ .„_ 
to bottom the three curve, tSwJV. T Jt v and Th?™!? 
mum contrail ratio is at fl 0 - 45°. " v ' The max| - 



stood. In the following discussion, we assume that a "slippery 
surface- is possible. 

k ? Sh ° WS a structure "ut Provides a horizontal-horizontal 
bistabdity with the dominant direction along one of the two 
diagonals of the enclosed square. Here the azimuth in the 
region surrounding a square is defined photoUthographically 
by gratings [28J. (14). on the upper and lower surface,. I„- 
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fig. 9. Square regions defined by grating boundaries giving (a) parallel 
or (b) perpendicular alignment conditions. 



side the square, the surface treatment is assumed to be such 
that the interaction of the surface with the liquid crystal 
causes alignment parallel to the surface but with no preferred 
azimuth. The liquid-crystal molecules inside the square col- 
umn are imagined free to reorient themselves under the influ- 
ence of applied fields and the boundary conditions imposed by 
the aligned molecules in the region surrounding the square. As 
illustrated in Fig. 9(a) and (b), the gratings can be arranged to 
provide alignment either parallel to the edges of the square or 
perpendicular to them. 

B. Director Lines for Horizontal-Horizontal Bistability 
in a Square 

When boundary conditions are imposed at the edges of a 
square, the director configuration inside the square is deter- 
mined (tinder the assumption of equal bend and splay elastic 
constants) by the solution of Laplace's equation. For parallel 
or perpendicular boundary conditions, the configurations of 
lowest energy are the bistable diagonal states whose director 
lines are illustrated in Fig. 10(a) and (b). The bistability fol- 
lows simply from the fact that the straight director line can 
fall along either diagonal of the square. The configurations of 
next lowest energy are the fourfold degenerate ones shown in 
Fig, 10(c) and (d). Each of these different configurations (and 
each of their equal-energy mates) is a unique solution of 
Laplace's equation for specified boundary values. The differ- 
ent solutions corresponding to the same physical boundary 
conditions are obtained by different resolutions of the ± 180° 
ambiguity in the value of the director angle at a boundary. 

C. Energy Difference Between the Lowest and 
Next Lowest States 

It is straightforward to calculate the energy difference 8G 
of the two lowest states for a rectangle of sides (a, £). With 
0 calculated by the classical method of separation of variables 
the result is 




Fig. 10. Director lines for states in a square, (a) and (b) Lowest states 
with parallel and perpendicular boundary conditions, respectively, 
(c) and (d) Second states with paraUel and perpendicular boundary 
conditions, respectively. 



where b n - (2ft + l)n, k is the elastic constant, and d the cell 
depth. When alb is small, the configurations of Fig. 10(c) or 
(d) are highly distorted as compared with Fig. 10(a) or (b), 
and the energy difference is large. On the other hand, the 
energy difference tends to zero with increasing a/b. For a 
square, 5(7= 1.088 kd. 

This energy difference is, however, too small to provide a 
preponderance of the diagonal over the parallel states. With 
a typical dimension of a - b = 50 Aim, and d-25 pm, we find 
an energy difference of 10" 4 ergs/cm 1 , significantly smaller 
than the anchoring energy of many surfaces. Thus the two 
Hing ing! and four parallel states comprise a set of nearly de- 
generate local minima in elastic energy. These states are sepa- 
rated by a continuum of intermediate states with a higher 
singularity content, as shown in Fig. 11. Switching may con- 
sist of the motion of one or more of these excess singularities 
along the periphery of the square. The barrier energy is ap- 
proximately that of the excess singularities, or, with disclina- 
tion core radius r 0 [29, eq. (4.7), p. 1 31 ) 



6G = irkS 2 d 



-GO- 



5=1. 



(18) 



8C = 4n*kd £ 1 



07) 



The states are thus pinned by the corners of the square. Opti- 
cally the square has four distinct states, two diagonal ones and 
two parallel to the edges. 

D. Applications of Bistability in a Square 

A straightforward application of the bistability in a square is 
illustrated in Fig. 12 where boundary conditions oh both the 
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Fig. 12. Optical differentiation of ,»« degenerate diagonal .u*. of. 

square. 



LOWER SURFACE OP CELL 

Fig. 14. Achievement of vertical-horizontal bisUbilitv with r*->™ i 

S r^T" 5 ° f »*"*«»ifJ cell. V^omeS 

upper and lower surfaces result in the indicated twoKumensional 
T^ K° PtiCal C ° ntraSt between two diagonal state/ 
^ ° f * Pk0C,UOiC dy *' b V**"** » *■ next* 
Another bistable structure based on the bistabOity of the 
two diagonal state, of a square i, the twist eel] shown in Fig 
It J aUgnmenl at onc «*» is fixed by a grating 

^ e H° P r ate T** 18 fa 008 of ^ btoable GooJ 
r™ ^ laU ° n ° f in this case would appear 

^, * P r 0,arizer » d *» analyzer as illustrated. 

d^, ? ? * ° f Ae diag0nal ™ » »quare with perpen- 
d^boundary conditions also suggest, another structured, 

SIZZLE Tt:'*™ bUa * baity resemblin 8 that dis- 
cussed in Section II-B. Instead of the alternating tilt boundary 

ZZT*,?!? 4 < a >' *» U PP« ^ lower surfaces may* 
formed with 90» V-bottomed indentation, arranged such m « 

^ ^ » eS * ntiaU y * * ri " of channeb 

^tTrr 0 " SeCtl ° n - ^ Crated in Fig. 14, the diagonal 
s^esfa these squares are then either horizontal or vertical 

aiscussed. The resemblance to the configurations of Fi* 4 u 
most striking if the top and bottom corrTr, of Z 1*, are 

3E?2.^ ?" ° ff ^ h0riZ ° ntal plMeS 0n whic ^ me do- 
nating tilt boundary conditions are imposed. 

R Optical Contrast with Horizontal-Horizontal instability 
mmed hght can be resolved into an extraordinary ray polarized 
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Fig. IS. Contrast ratio versus (ot^d)' 1 for light transmission through 

the cell of Fig. 12, with «x = 0. 



along the optic axis (director) and an ordinary ray. If fi de- 
notes the angle between the polarizer direction and the direc- 
tor, the transmitted intensity of the eOiptically polarized 
emergent tight is (in the plane wave approximation) propor- 
tional to 

I(x,y) = e- 2a » d cos 2 0(x,y) + e^ d sin 1 fi(x f y) (19) 

where d is the cell thickness. Let subscripts 1 and 2 refer to 
the diagonal configurations with the director predominantly 
along the polarizer and perpendicular to it 9 respectively. Then 
state 1 is dark and 2 is bright. From the boundary conditions 
for the two cases, ^ « 180^ - 4,. With the polarizer set along 
a square diagonal 

cos 2 fit = sin 2 fi t sin 2 & = cos* 0 t . (20) 



(21) 



Defining 

T,=ffli{x f y)dxdy % /-1.2 

we find the contrast ratio to be 

Contrast Ratio « T, /7\ . (22) 

/ t and J* in (21) are obtained from (19) with fi = ftC*. .k) and 
ACtjOt respectively. 

When the region of integration in (21) is the entire square, 
the contrast ratio is limited by the fact that the director is not 
everywhere parallel to the diagonal. The contrast ratio can be 
improved drastically by limiting the aperture to a smaller 
region over which the alignment is more nearly uniform. Fig. 
1 5 illustrates this effect in the case of square apertures. 




Fig. 16. Director lines in the region external to the squares of a pe- 
riodic array of squares. Configuration (a) has the lowest energy. 
ABCDEF is the region in which Laplace's equation was solved. The 
patterns were then extended by symmetry. 

Obviously reducing the aperture also reduces the brightness. 
Let us define a "transmission efficiency'* as the ratio 



Transmission Efficiency - 



T % (aperture) 



r a (entire square)^. 0 



(23) 



For areas less than about 0.6 of the entire square, the trans- 
mission efficiency is essentially proportional to the area ratio, 
just as if the director were uniformly oriented. 

V. Periodic Arrays 

In order to make the elastic energy density comparable to 
or greater *h fln the ubiquitous surface interaction energy, it 
it necessary to restrict the dimension of the square. In prac- 
tice, a single display element may consist of a number of 
squares In an array. It becomes apparent that not only the 
interior of the squares, but the exterior defined by the array 
of squares may, in fact, have bistable states, electrically 
switched and optically differentiated as- already described. 
In a general sense, a periodic surface "lattice" with a particu- 
lar set of symmetry properties may give rise to a correspond- 
ing set of local minima in elastic configurational energy. For 
example, a square array with C* symmetry has two diagonal 
states while a triangular array with C 6 symmetry has three. 

Periodic arrays of squares, circles, or other shapes can be 
realized by means of posts, wells, or other topological pat- 
terns on one or both of the upper and lower surfaces. 

The solution of Laplace's equation for the region exterior 
to an array of polygons with periodically repeated boundary 
conditions can be obtained by imagining partitions on which 
the boundary conditions can be deduced from symmetry. 
Typically, a closed ceD can be formed whose boundaries are 
either walls along which 0 is known, planes of antisymmetry 
along which $ is zero, or planes of symmetry along which its 
normal derivative is zero. 

By this method, we have calculated the director line pat- 
terns shown in Fig. 16 for parallel boundary conditions at 
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JfJT T' r0tat ? d throu « h 45 ° while keeping their 
centm on the same lattice, the configuration in which tie 
director lines pass horizontally or vertically through the lat 

V^JZ *° ng **. diag ° nah of *• sq"^ iafor^i 
biilhS ?* mtemaJ State * m a «l ua «. *e realizability of 
!tat ^ u m miy depends on *• e ^tence of a Z£ 
tr 'ZT b f mef "P 3 ™^ *• ™ a - The discussions 
Z^in Stat " ° f 8 *""»« that the moJen 

S£?SZ ^ Pr0baWy fasufflcie « * P™°* 
17 ,.^ f"™ » ,rue of the external states. We must 

SaLTo 1 ST" ° f order intermediate singular 

states to provide the needed barrier. -"giuar 
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nant. With boundary tilt closer to the normal, the plana, 
vertical state should be achieved unambiguously 
The necessity to detach and move disclinations is both an 

ITv! a i U,biIity - mae di«linations provide the basis for 
" t and * P° ssible threshold, they also require highe, 
voltage, to achieve reasonable response time,. Much cTbe 
done, however, to improve and optimize device performance. 
The honzontal-horizontal structures offer greater variety 

Mentation hinges on the achievement 

action T*? °" WWch ,iqU,d ^^"bstrate inter- 

acts are reduced to a level insignificant vis-a-vis elastic 
energy Investigations of this possibility are inconclusivTat 

a |,rr e ^ enSi ° nal ttneta «* ^ve not been treated here 
222a.^ T PrOVide additio^a, ^figurations com-* 
we ^«red dearaWe ° f <™ *™ ™ 

Appendix 

Calculation of the Director Field 
A. Equilibrium Equation for Planar Configurations 

The director orientation takes on that position dependence 
e* ert' ^£ZT*r ^ «>™™«> "linimizes the system 

ispf.^o isTp e 6T density * of 3 nematic ^ ^ 



where 

/,=(7£) J 
/»=(£• curl I) 2 
f* s (LX curU) a . 



(Al) 



VI. Conclusions 
hiWtmiT ^ twomimensional structures ex- 

tiSfbe^ r " thcm P rcdud " continuous transi- 

o^d^ n dfJf M V nCCWita,ing Crcation ordetachment 
substanSl 9 t.*^* 10 " 8 to achtew aching. This requires 
mteTtS °" which P romote « "ability m 

vidw for a possible energy threshold. When properly con- 

»x-ssr fofm *■ basis for a ™ e u ^ 

shiwn P Vertkal - horizonUl Stable structures have 

i£L£7 ^Tl'! 51 "^ revereiWe e,ectrica > switching in 
,i£ h ?Tf 8 biStaWe stn,cture of Fig- 4 and the sind" 

eLrT ' StrUC,Ure ° f 2 " 0ne of *• states in £ 
e^nments appears to be the horizontal state described he« 

IZJ^IZT!' ? 1,16 opltaI prop€rtfes of 

eou^l^ 1 ? ' bUt eV,dence th« a topologically 

equrvalent largely vertical ISO'-twisted state is. in fact. dom£ 



(A2) 

Here L is the un it director of components L x = an cos * 

toJ~JS * = ^ Wherc 9 md * ^ u «««l spher 

1^ coordmate angles, and k t ,k 3 , and *, are the ehstte 
constanu for splay, twist, and bend, respectively 

DlL°e '22*!. C ° nfi8Urations » »teh the director lies in a 
J^O L *f ™ ° f tatfo , n m P^nulel plane,, we take 
? U „, [vertical plane: =sinfl L =o 

i'-SJ/ 0 ' •■ 90 ' ^ # -^> horizontal ^,ane: 
The differential equations of equilibrium are obtained by 

SST*?i 7 ,ume " te8raJ of * over ^ 

results in the Euler equations [30, eq (2 13* d 2771 u„ 

etua^rr r to , a venicai ^ tSL5 

equation for the angle z) between the director and tTf 

V 2 * + (1 - /*,)[-(?„ ^ tf _ 0xx COS 7 e 

+ y (°l + 20„ - 0 J) sin 2« + 0 x 6 t cos 20 J = 0. (A3) 

The subscripts on 0 indicate partial differentiation 

A tremendous simplification occurs when k =k n?i r 
then (A3) reduces to Laplace's equSion ' * n3J * f ° r 

7 2 e = o. 

(A4) 
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Fig. 18. Effect of Jt t * * 3 on z dependence of director angle. The 
carves show director angle versus 2x/d for Jt t • fcj/2 and the straight 
lines are for k x » * 3 . S H » horizontal state. By • vertical sUte. 
Boundary tilt 6 0 » 45°. Midpfane of cell is at x * 0 and boundaries 
at z » td/2. 

For the (x, y) plane (* = $(x,j>). *0) the simplification 
k t = * 3 leads to V a 0 = 0. 

£ One-Dimensional Solution and Justification of 
Approximation k x = Ar 3 

In the one -dimensional situation of Fig. 2(a) or (b), 0 de- 
pends only on z. From (A3), the equilibrium equation for 

</ 2 0 



- (1 - sin 3 0 + 0| sin 6 cos 6) * 0. (AS) 



With leftward tilt at the boundary of magnitude 0 O , the bound- 
ary conditions may be taken as 

Fig. 3(a): 6(-df2) = n - 0 O . H<M) m *o 

Fig. 3(b): 0(-<*/2) = -0 Ot O(dl2) = 6 0 . (A6) 

By transforming to $ as the independent variable in (AS) f we 
obtain the solution 

z(d) = cE(fi t a) + z 0 ( A7 > 

where sin 3 a = (1 - fci Ms), c, and z 0 are constants, and £(0» a) 
is the elliptic integral of the second kind [31, eq. (17.2.9), 
p. 589J 



E($ 



,a)s f (1 - sm J a sin 2 u) ,/J </u. 



(A8) 



The determination of the constants c and z 0 for Fig. 2(a) and 
(b) gives, respectively, 



22(0) E(nf2,<x)-E($,a) 
d " £(tr/2.a)-£(0 o .a) 

2x(0) £-(0,«) 



(horizontal state) 



(vertical state). 



(A9) 



(A10) 



d E(0 o ><*y 

When *t = A: 3 , a = 0, (A8) then gives £"(0,0) = 0 and (A10) 
and (A9) reduce to the straight lines (1 1) and (12). 
Fig. 18 illustrates the excellence of the approximation 
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*, = *3 in this one-dimensional situation by comparing results 
from (A9) and (A10) for - % with the straight lines (1 1) 
and (12) obtained when k x »* 3 . Nematic liquid crystals 
typically have k l /k y between \ and 1. Since the effect of un- 
equal elastic constants is so small, all of our further calcula- 
tions will use the approximation of equal elastic constants 
k t » £9. This is not merely a hypothetical idealization but an 
approximation that is useful and good. 

As noted already, this approximation (k t =* * 3 ) reduces the 
equation of equilibrium to Laplace's equation. This equation 
can be solved by the method of separation of variables [32] or 
boundary integral methods [33]. 
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I- Introduction 

RS22S; ERAS > f L f ^ ROM's 
MOsS?,^ ^ floatin Wte avalanche-injection 
S? I ? AM ? S > structure n J have been widely used, paSu 
larly „ conjunction with rrucroprocessors and micro^u" 
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enL While presently UV-erasable PROM's stiU dominate in 
«x»t appUcatfons, electrically erasable PROM's (SoM'S 

SecrS?^ 0 ^ «-*. and 5 

„^° M $ memoi y retention characteristics have been re- 
* many ^ HI. t3J, [4J. In these stu^eTL^. 

SSI T T k 86 ^ bCCn """^ ™ d «<> evaYuateTe 
retenUon, wth the excepUon of unintenUonal writing due to 

%££ZL £ rCading I* »• ""intentionS 
writing « accelerated at low temperature and in a high electric 

JoXSi ^ thermal CXCitati0n ° f "formauon 

acJSst^f d n!^ ibeS ?t faCt °" ■ ffecli « *• '" en «on char- 
f ' C ^ ,lne, FAM °S type EEPROM's using hole 
SSS;^ ^ commercially available EEPROM ^vas 

Holes injected into the SiO, are likely ,o be trapped before 



